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Preface 


During the past few years, we have seen the small computer 
market grow remarkably as computers such as the TRS-80, APPLE, 
and PET became available. These small computers provided a great 
deal of computing power at very low cost, so they could be used in 
places where such computing power would have been prohibitively 
expensive just a few years before. While many users were able to 
use a computer by itself, many other users found it necessary to 
connect peripheral devices to their computer, using such devices as 
printers, analog converters, remote controllers, and others, for use 
in a wide variety of applications. Many people have found, however, 
that there are many devices that they would like to connect to their 
computer, but since standard interfaces do not exist, they have been 
faced with what seems to be a formidable task—designing and 
building an interface by themselves. 

The purpose of this book on PET interfacing is to give you a 
better idea of how specialized interfaces can be built and used with 
this powerful computer system. BASIC language programs will be 
used throughout the book, so you should be familiar with this power- 
ful programming language. Likewise, the designs use standard digital 
electronic components from the SN7400 (or equivalent) family, so 
you should at least have an understanding of what these devices do 
before you tackle the interface circuits that are provided for you. 

Unlike many computers that simply provide generalized bus con- 
nectors, the Commodore PET computer has several special-purpose 
interface connectors that ease the job of interfacing the computer to 
“real world” devices. 

These connectors provide access to the following input/output 
ports: 


@ The PET User Port. 
@ The Memory Expansion Port. 
@ The IEEE 488 Standard Interface Port. 


Each of these ports has a specific use, and each is covered in detail 
in this book. Nowhere else will you find comparable information 
about interfacing the PET through each of these sets of signals. 

Of particular interest is the IEEE-488 port. The signals provided 
for you at this port have been defined by the IEEE 488 standard, 
and many computer manufacturers and instrument makers have 
adopted this standard in their equipment. Thus, it is possible to 
easily interface these IEEE 488-compatible devices with a minimum 
amount of effort. In many cases, the interfacing simply involves the 
connection of standard cables between the various IEEE-488-com- 
patible devices. Software is used to control the transfer of special 
information over the bus signal lines. Since more and more devices 
are being made available with IEEE 488-compatible I/O ports on 
them, we have paid special attention to the IEEE 488 bus. It is 
also possible to use this set of bus lines to interface devices to the 
PET, even if those devices do not use the standard bus conventions. 

You should realize by now that this book is really a how-to-do-it 
book that covers many interfacing techniques for each of the three 
I/O ports. Each interfacing example is described in detail, with 
complete software and circuit details provided for you. There are 
‘Many experiments that you can do to learn more about interfacing the 
PET computer, and to learn more about the control signals. The 
experiments in this book can be used with all versions of the PET 
computer that have a 25-by-40-character video display, including 
some of the older PET computers that have been upgraded with new 
read only memories (ROMs). 

In the first two chapters, we will introduce you to the PET and 
guide you, step by step, through the construction of a simple bread- 
boarding circuit that can be used to provide easy access to the sig- 
nals that are available at the user port. This circuit is easy to put 
together using standard wire-wrap techniques, and you will find it 
to be very useful for further interfacing projects. 

Chapter 3 covers many of the interfacing techniques, both ele- 
mentary and advanced, that may be used to control the user port con- 
trol signals. Included here are the instructions for using the BASIC- 
language commands that actually control the user port; PEEK, 
POKE, and WAIT. You will also learn the proper use of the AND, 
OR, and NOT operators to control I/O devices. When you have fin- 
ished Chapter 3, you should have an excellent understanding of the 
use of the user port, and how the 6522 I/O chip is used in the PET. 
No assembly language programming is used in this chapter. How- 


ever, assembly-language programmers should be able to quickly 
convert the example programs into the corresponding assembly- 
language program steps. 

In Chapters 4, 5, and 6, we have taken a different approach to 
interfacing the PET, by using the memory expansion port. You will 
be able to use many of the interfacing techniques that were covered 
in Chapter 3. For example, you will learn about the various decoding 
techniques that are used to allow interfaces to select different I/O 
devices, and how the bidirectional data bus is used to transfer infor- 
mation to and from the computer and I/O devices. In Chapter 5, 
you will see how to construct a simple breadboard that can be used 
with the memory expansion port, and in Chapter 6, there are many 
experiments that you can do to reinforce your understanding of how 
the memory expansion port may be used to control practical inter- 
face circuits. 

A summary in Chapter 7 provides some additional interfacing 
information, for example, how the PET may be interfaced to non- 
logic devices that may require either high currents, high voltages, 
or both. Information about analog converters is also provided. 

Chapter 8 covers the use of the IEEE 488 bus on the PET. De- 
tailed information describes the signals on the bus, and their uses. 
A special interface is also described; one that is used to control a 
printer. Since people will be interested in using the IEEE 488 bus 
for other applications, we have also provided a general-purpose inter- 
face circuit that will allow you to interface non-IEEE-488-compatible 
devices to the PET through the IEEE 488 bus. This is done by using 
another microprocessor chip to simulate the presence of a normal 
TEEE-488 I/O device on the bus. Complete details, including as- 
sembly-language listings and sources of parts, are provided for you. 
This general-purpose “‘listener/talker” can be used in many applica- 
tions, since it is not specific to one device, or one type of interface. 

We would like to thank the Blacksburg Group for their encourage- 
ment and assistance with this book. 


JAMES M. DOWNEY 
STEVEN M. ROGERS 
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CHAPTER 1 


Introduction to PET 
Microprocessor Hardware 


The heart of the PET computer is a 6502 microprocessor. The 
6502 is a single large scale integrated circuit that incorporates, in 
one 40-pin package, all of the necessary logic circuitry required by 
a digital computer. The arithmetic and logical functions which the 
PET performs are all done within this single integrated circuit. If 
you peer under the PET cover, however, you will notice that it 
contains not just one, but dozens of integrated circuits. Some of these 
integrated circuits are memory “chips” while the others are so- 
called “support chips.” The latter serve to provide the necessary 
logic to interface the 6502 to the memory, the keyboard, the video 
display, and to the other input/output ports which are present in 
the PET. The 6502 processor in the PET is a vivid testimony of the 
giant stride in technology which the computer industry has experi- 
enced in recent years. Only a decade ago the equivalent computing 
power would have cost many thousands of dollars and would have 
required hundreds of integrated circuits. Today, the 6502 can be 
purchased for under $20.00. Before we proceed with the funda- 
mentals of interfacing various devices to the PET, it will be useful 
to understand what the 6502 is, how it processes information, and 
how it is used in the PET. 


BITS AND BYTES 


It is convenient for a computer to use a binary or base-two 
arithmetic system. Only two digits are used in such a system, one 
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and zero. Since digital electronics also have only two defined states 
(a logic high, plus 5 volts for TTL logic, and a logic low, zero volts 
for TTL), it is possible to let one state represent a one and the other 
state represent a zero. Traditionally, the high state is the one and 
the low state is the zero. In a binary system, numbers have successive 
digits of ones and zeros with the rightmost digit representing the one’s 
place, the next digit to the left, the two’s place, the next the four’s 
place, and so on. The powers of two and their decimal equivalents are: 


97 96 95 94 93 92 2! 9° 
128 64 32 16 8 4 2 1 


For example, the number 010011 represents one 1, one 2, no 4, no 8, 
one 16, and no 32. Its decimal equivalent is 19, which is simply the 
sum of 16+2+1. The largest binary number that you could represent 
with 6 digits is 111111 which has a decimal value of 63. To represent 
a larger number would require more digits. In the computer, a binary 
number is carried by a group of electrical circuits, each assigned to 
represent a specific digit in the number. The electrical state, high or 
low, determines if any digit is a one or a zero. By convention, each 
such binary digit is referred to as a bit. The entire group of bits which 
comprise a number is referred to as a word. 

The 6502 uses an 8-bit word length (8 binary digits). This means 
that, for most operations, the computer operates on 8 bits at a time. 
The 8-bit word length is often referred to as a byte. The term byte 
was Originally introduced by IBM. Their computers used a 16-bit, or 
larger, word length; but for certain operations, such as handling 
ASCII data types, it often was necessary to manipulate only 8 bits 
at a time. Specific instructions were incorporated into the computer’s 
hardware to perform operations on these 8-bit subunits and the 
8-bit subunit of a word was called a byte. Today most microprocessors 
use an 8-bit word length. So even though eight bits represent a full 
word in those microprocessors the term byte for their 8-bit word 
remains popular. 

Eight bits limit the maximum value which can be expressed by 
a byte to 255. When numbers larger than 255 are to be handled 
they must be operated on as two or more bytes. In programming such 
multibyte operations care must be taken to keep track of which 
byte represents which portion of the number. It is important not 
to get them confused. Nevertheless, with careful programming, as 
has been done in PET’s BASIC interpreter program, the 6502 can 

handle numbers much larger than 256 with ease. The calculations, 
however, are still performed within the 6502 using only 8 bits per 
step. 

Most computer systems, including the PET, consist of 3 basic parts. 
The first is the central processor (in this case the 6502) which we 


have already described. The central processor does all of the arith- 
metic and logical operations for the computer. The other two parts are 
the memory and the input/output (usually abbreviated I/O) devices. 


MEMORY 


Memory in a computer serves two major functions. First, it is 
the place where the computer program is stored. Second, it gives the 
computer the ability to temporarily save information for future use. 
Memory in the PET is organized into 8-bit bytes, in order to corre- 
spond to the 8-bit word length of the 6502. The 6502 has the ability 
to randomly access up to 65,536 separate bytes of memory. This is 
done by placing a binary code on 16 signal lines called the address 
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Fig. 1-1. Major signals on the 6502 microprocessor. 
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bus. Each code selects a unique word of memory. Fig. 1-1 shows a 
diagram of the pin configuration for the 6502. The 16 address lines 
can be seen at the right side of the figure. Of course, 65,536 is 216 
and represents all possible binary combinations of the 16 address 
lines. Though the 6502 can access up to 65,536 words of memory, 
it is not necessary to completely fill all of this space. The PET com- 
puters come in different sizes—4K, 8K, etc. The K refers to the 
number 1024 which is a fundamental unit of memory. Thus, a 4K 
PET actually has only 4096 bytes of its memory space filled with 
memory for program storage. Memory in the PET is divided into 
two types: read/write memory and read only memory. 


Read/Write Memory 


As its name suggests you can both read from as well as write to 
read/write (R/W) memory. Such memory is often referred to as 
random access memory (RAM). This is, of course, a misnomer, since 
all memory types can be randomly accessed. Nevertheless, the term 
RAM enjoys wide usage in this context and will probably continue 
to do so. The way the 6502 communicates with memory is quite 
simple. Fig. 1-1 shows that there are 8 data lines on the 6502. The 
data lines are the route by which all data enters and exits the 6502 
(arrows indicate direction of information flow). Since the data flows 
in both directions on these lines, we refer to them as a bidirectional 
data bus. Because data can be either entering or exiting the 6502 on 
the same set of wires, this could obviously lead to confusion. To 
avoid such confusion, the computer signals memory that data is 
either to enter or exit the 6502 by the state of the read/write (R/W) 
line. If the R/W line is in a logical high state (+5 volts), then data 
will be read into the 6502 via the data bus. If the R/W line is at a 
logic low (0 volts), then data will be sent from the 6502 on the 
data bus. Since the 6502 operates in the range of a million operations 
each second, timing of these data transfers is very critical. Precise 
timing is accomplished by the use of a strobe pulse from the phase- 
two clock which tells the memory that data should be transferred 
at that exact moment. For example, a typical read cycle from memory 
would proceed as follows: First, the location within memory would 
be selected by the 6502 placing the proper binary code on the 16 
address lines. At the same time the 6502 causes the R/W line to go 
high, designating a read cycle. The memory chip responds by se- 
lecting the proper word of memory, determined by the code on the 
address lines, and by getting that 8-bit word ready to send to the 
6502 over the data lines. The actual data transfer is accomplished, 
however, only when the phase-two clock line goes from its high to 
its low state. Timing diagrams of both memory-read and memory- 
write cycles appear in Fig. 1-2. The direction of information flow 
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Fig. 1-2. Timing for data transfer in the 6502 microprocessor. 


on the data lines is indicated by the status of the R/W line and the 
precise timing for data transfer is controlled by the trailing edge of 
the phase-two clock. The shaded areas indicate that the signals are 
undefined at that time. 


Read Only Memory 

The second type of memory found in the PET is read only mem- 
ory (ROM). As its name implies, the computer can read the contents 
of ROM but cannot store any new data in it. The advantage of a 


13 


ROM is that the program it contains is in essence permanently stored 
in the computer so that it is always available. ROMs have played an 
important role in the development of microcomputers. Two major 
advances, which have lowered computer costs are microprocessor 
chips such as the 6502 and semiconductor R/W memory. Until re- 
cently, computers used magnetic core type memory, which was very 
expensive. Semiconductor memory, as used in the PET, is much 
less expensive; however, it has one shortcoming. Magnetic core 
memory retains its data, even when the power is removed, but semi- 
conductor R/W memory does not. We refer to this type of memory 
as being volatile, since the memory contents seem to “evaporate” 
each time the computer is turned off. This volatile memory created 
a serious problem for computers using semiconductor memory. Com- 
puters using magnetic core memory traditionally had elaborate front 
panels, through which an initialization program could be tediously 
entered by hand. Since magnetic core memory is nonvolatile, the 
initialization program would stay in memory once it was entered. 
Thus, that job should only have to be done once. In a computer with 
volatile memory, however, one was required to reenter the initializa- 
tion program by hand each time the computer was turned on before 
it could operate. To overcome this inconvenience, read only mem- 
ories were incorporated in these machines to hold the initialization 
programs. In fact, ROMs worked so well that the expensive front 
panel was no longer required, and most of today’s microcomputers 
have eliminated the facility for directly loading memory from 
Switches on the front panel. 

Not only does the PET have an initialization program in ROM, 
it also has the entire BASIC interpreter incorporated in ROM so 
that it is ready with a high-level language as soon as it is turned on. 
Read only memories come in many varieties. Some, like those in 
the PET, must be programmed at the factory, while others can be 
field programmed and are called programmable read only memory 
(PROM). One of the most popular types of ROM is the EPROM 
which can be erased with ultraviolet light for reprogramming. 


PERIPHERAL DEVICES 


The third fundamental part of any computer is the group of de- 
vices that serve as inputs and outputs. These are often referred to 
as I/O devices. Obviously, no computer would be of much value 
unless it had some means of receiving data from the outside world, 
and, likewise, a means for outputting its results. The PET, for ex- 
ample, has several means of receiving input data, such as the key- 
board, the cassette drive, and the IEEE 488 bus. Since the purpose 
of this book is to show the reader how to interface his own peripheral 
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devices to the PET, we are very interested in this aspect of the 
computer. 

The 6502 handles peripheral devices a little differently than most 
of the other microprocessors in that it simply treats them as memory. 
An input device, such as the keyboard, becomes a type of read only 
memory. Similarly, an output device, such as a printer, becomes a 
type of write only memory. Just like any other memory, peripheral 
devices must be assigned a unique 16-bit address code, which can 
be recognized when that code is present on the address bus. Logic in 
the interface must recognize when the appropriate address code is 
present and alert the device to get ready for an exchange of informa- 
tion over the data lines that will occur when the strobe pulse arrives. 


ORGANIZATION OF THE PET 


With the above background in mind, we can now describe how the 
6502 is specifically implemented in the PET. Although the 6502 
allows for 64K of memory or peripheral devices, the PET only fills 
a fraction of this memory space. Fig. 1-3 shows a map of the PET 
memory. The “top” of the memory space is filled with ROMs and 
I/O devices. The bottom region of memory is filled with read/write 
memory. The space in the middle is open and can be filled with either 
R/W memory to increase the program storage space for BASIC, 
ROMs to perform special functions, or additional I/O devices. 

When the power is turned on, the 6502 is automatically reset. On 
reset, the 6502 begins executing the program stored in ROM at the 
top of the memory. This program causes the PET to first see how 
much R/W memory it has. Starting with location 1024, it sequentially 
stores a code at each word of memory, and then reads it back again. 
If the memory is good it will read back the same number it stored. 
It continues this until it reaches a memory location which did not 
successfully store the number. This will either be a defective memory 
location or, hopefully, the top of the R/W memory. The initialization 
program then tells the BASIC interpreter how much R/W memory 
is present so that it does not try to store or execute a BASIC pro- 
gram which requires more memory than is available. After the mem- 
ory size has been determined, the 6502 begins executing the program 
stored in the BASIC ROMs. From that point on, the system is under 
control of the BASIC interpreter program. 

BASIC is a high-level language that does not normally make pro- 
visions for manipulating individual memory locations or I/O devices 
other than the keyboard and the screen. To facilitate the use of non- 
standard I/O devices, several extensions to the language have been 
added to PET BASIC. The first of these is the PEEK statement. 
The PEEK statement allows the user to see what value is actually 
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Fig. 1-3. The PET memory map. 
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The PET also supports an IEEE 488 standard port which is 
physically located at the rear of the machine. This is a bidirectional 
port which allows many peripheral devices to be interfaced simul- 
taneously to the PET. To avoid confusion of signals, information 
transfer involves a complex interchange of signals across the IEEE 
bus, and transfer would be very difficult to program in BASIC with 
only PEEK and POKE statements. Therefore, PET BASIC incorpo- 
rates subroutines for handling such transfers automatically under the 
file oriented PRINT# and INPUT# statements. These statements 
cause BASIC to transfer the information designated by the argu- 
ments in the PRINT# or INPUT# statement over the IEEE 488 
bus and to include all of the necessary interactions needed to meet 
the protocol of the bus. 


TYPES OF DATA 


There are three basic ways in which peripheral devices can be 
interfaced to your PET. These include the IEEE 488 port, the user 
port, and the memory expansion port. Each method has certain ad- 
vantages and disadvantages which will be discussed in detail in the 
following chapters. One of the most important considerations, how- 
ever, is the type of data to be transferred. 

Basically, data in the PET is handled as either binary or as ASCII 
data types. Binary-type data is where a numerical quantity is repre- 
sented by its binary equivalent. Thus, the quantity 16 decimal would 
be represented in binary by 00010000. Since the binary representa- 
tion is very well suited to mathematics, it is the data type used for 
most arithmetic operations in the PET. The ASCII representation 
is quite different. Although the computer deals extensively with 
program text which is written in English composed of alphabetical 
characters, the processor and its memory are limited only to binary 
characters; ones and zeros. To allow the computer to handle textual 
characters, each character is assigned an 8-bit binary code as shown 
in Table 1-1. The term ASCII stands for American Standard Code 
for Information Exchange and is used by virtually all modern com- 
puter systems. Thus, each time the “A” key is pressed on the key- 
board, the number 01000001 is decoded by the computer. The 
major differences between binary and ASCII data types can be ap- 
preciated when one considers numerical representations. The number 
100 decimal would be represented in the PET as 01100100 in binary 
form. To display the decimal number 100 in base 10 format on the 
screen, which is an ASCII device, the computer first has to determine 
how many decimal digits will be present and what their individual 
decimal values are. The program must then convert the individual 
digits into their ASCII equivalents and transfer the three 8-bit 
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ASCII codes to the output routines so that they will be displayed as 
a one followed by two zeros. 

The ASCII code is easy to handle through PRINT# and INPUT# 
statements since subroutines in BASIC interconvert all numbers be- 
tween the internal binary representation and decimal representation 
in ASCII format automatically. Peripheral devices, that send or re- 
ceive ASCII-type data, such as printers, card readers, tape readers, 
etc., will be easier to program if they are interfaced through the 


Table 1-1. The American Standard Code for Information Interchange (ASCII) 


| inary | Decimal | Character | Binary | Decimal | Character 


32 64 
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IEEE 488 port, since that is the onl i 

y port which can be accessed 
hig the PRINT# and INPUT¥ command. A device that transfers 
Lee oe data, such as an analog-to-digital converter, a real-time 
clock, a pH meter, or perhaps a simple relay controller, is more 


easily interfaced to either the user port or the memory port, since 


the circuitry required to interface these ports is much simpler than is 


required for an interface to the IEEE 488 port. For the user or 
memory port, however, program power is limited to PEEK and 
POKE statements. As long as data is binary in nature, however, this 
limitation is not a great handicap. 
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CHAPTER 2a 


Building the User 
Port Breadboard 


You will find it quite easy to build circuits that use the full capacity 
of the PET computer and its user port. If you have prior experience 
in building electronic circuits from scratch, you may use any desired 
construction technique to build and evaluate the experimental circuits 
for the user port. 

We chose to breadboard the circuits for the user port experiments 
on a VECTOR 3682-2 prototyping circuit card. The card accepts a 
standard 44-pin edge connector, has power and ground connections 
for the integrated circuits, and has a unique grid location system, 
which can specify the exact location of any component or component 
hole on the card. We will refer to the hole-grid locations and the 
component-grid locations for the construction of the breadboard 
circuits. 

All of the circuit diagrams for the user port breadboard circuits 
show the signal lines as they are brought to the connector on the 
breadboard card by the interface cable described in this chapter. The 
PET signal names are also given. If you use another connection 
method with the PET user port, use the signal names in the diagrams, 
and refer to Table 2-1 for the signal locations on the user port 
connector. 

The circuits for the user port experiments have been designed, 
whenever possible, with standard electronic parts, which you can 
purchase at local electronic parts retailers. Some parts are available 
through mail-order houses specializing in electronic parts. 

The user port breadboard consists of the following parts: 
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Table 2-1. Memory and Connector Locations for the PET User Port Signals 


PET J2 
Connector Signal Name Memory Location and Bit 


1 GROUND 
2 TTL VIDEO 
3 IEEE SRQ See Table 3-3 
4 IEEE EOI See Table 3-3 
5 DIAG SENSE 59408 BIT 7 
6 TAPE #1 READ *59409 BIT 7 
7 PB3 (TAPE WRITE) 59456 BIT 3 
8 TAPE #2 READ *59469 BIT 4 
9 TV HORIZONTAL 

TV VERTICAL 

GROUND 


GROUND 


GROUND 
CA] 


*59469 BIT 1 
59471 BIT 0 
59471 BIT 1 
59471 BIT 2 
59471 BIT 3 
59471 BIT 4 
59471 BIT 5 
59471 BIT 6 
59471 BIT 7 
59468 BITS 5,6,7 


- Ke BGmMMI.0H ws Pp 


z= 


GROUND 


NOTE: Connections 1-12 are upper pins; A-N are lower pins. 
Connections | and A on right side of edge connector 
“Transition sensitive inputs that set flags. 


The PET-to-breadboard interface cable. 

The 5-volt power supply. 

The breadboard circuit card. 

The circuit of the logic probe. 

. An optional +15- and —15-volt power supply. 


AR YN 


THE INTERFACE CABLE—USER PORT TO BREADBOARD 


You will need an interface cable to connect the signals from the 
user port to the breadboard. The user port connector is really a 
part of the main circuit board of the PET computer. Fig. 2-1 shows 
the location of the user port connector on the rear of the PET com- 
puter. Table 2-1 lists the signals of the user port connector and how 
they are used by the PET computer. Table 2-1 also lists the memory 
and bit locations of the signals. 

Fig. 2-2 shows the wiring diagram of the interface cable. The 
cable should be about 3 to 5 feet long, so that you can use the 
breadboard circuit while you are seated in front of the computer. 
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TV BRIGHTNESS 


POWER 
ADJUSTMENT 


SWITCH 


IEEE-488 
INTERFACE J1 / 1.6 FUSE 
MEMORY EXPANSION 2ND CASSETTE (SLO BLO) — 3-WIRE AC 
J4 CONNECTOR INTERFACE J3 = PARALLEL SERIAL POWER CORD 
USER PORT J2 NUMBER AND 
ELECTRICAL SPEC 


Courtesy Commodore Business Machines 
Fig. 2-1. Location of the PET interface connectors. 


You can make the cable with a single 14-conductor cable, or with 
14 separate wires. 

The connectors are dual-readout, which means that the connectors 
make separate connections on the top of and on the bottom of the 
circuit boards. Be sure that the connectors that you use are not 
single-readout. Some single-readout connectors have two solder lugs, 
and appear to be dual-readout connectors. The 12-position dual- 
readout connector that connects to the user port can be cut down 
from a standard 22-position connector and is available from many 


sources. The proper 12-position connector is available by mail order. 
Make the interface cable exactly as shown in Fig. 2-2. 


THE POWER SUPPLY 


A 5-volt power supply is required to provide power for the circuits 
that you will be constructing on the breadboard. A +15-volt and a 
—15-volt power supply are required for the digital-to-analog con- 
version circuits. There are several methods that may be used to 
obtain the 5-volt power. Fig. 2-2 shows a commercial 5-volt power 
supply connected to the 22-position connector for the breadboard. 
If you are experienced in building electronic circuits, you could build 
a 5-volt power supply, such as the one shown in Fig. 2-3. Both the 
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BREADBOARD CONNECTOR 


PET 
12-POSITION 22-POSITION 
DUAL READOUT CONNECTOR DUAL READOUT CONNECTOR 


oe PAO aie 
a PAL aa 
E> PA2 aan: 


— mn 
a) 7 
= |= (E 
wo ~ 


B CAl 15 
8 CB1 7 
M CB2 16 

7 PB3 18 

5 DIAG 3 

N LOGIC GROUND 7] 22 


5-VOLT LA 
POWER 
SUPPLY 
2 
+15 ¥-15 ¥ < 
POWER 
SUPPLY lane 


Fig. 2-2. Wiring diagram of the PET-to-breadboard interface cable. 


commercial power supply and the power supply shown in Fig. 2-3 
can supply 1 or more amperes of current. One ampere of current is 
more current than will be required for the user port experiments, 
however, you might need more current for a circuit of your own 
design. 

Fig. 2-4 shows how you can obtain the 5-volt power from the 
connector for the second tape cassette, but the current from this 
source is limited to about 300 mA. Fig. 2-5 shows how to tap into the 
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FULL WAVE 
BRIDGE RECTIFIER 


SWITCH FUSE — TaancronMER 


117 VAC | : 


63V GROUND 
12A 250 PWV 


Fig. 2-3. Schematic diagram of 5-volt power supply. 


Fig. 2-4. Obtaining 5-volt power from the 
second tape cassette interface connector. 


GROUND 


SIX POSITION 
SINGLE OR DUAL 
READOUT EDGE 

CONNECTOR 


TO FILTER 
CAPACITOR 
INSIDE PET 


GROUND 


Fig. 2-5. Obtaining 5-volt power from the unregulated de power supply of the PET. 


unregulated dc power supply of the PET. The power supply shown in 
Fig. 2-5 will provide approximately 1 ampere of current. 


CONSTRUCTING THE BREADBOARD CIRCUIT CARD 


The breadboard circuits are built on a VECTOR 3682-2 proto- 
typing card. Construct all of the experimental circuits for the user 
port on this card. After you complete the experiments, you can 
design your own circuits on the same card, simply by rewiring 
the card. 

Most of the connections on the breadboard are made by wire 
wrapping. Wire wrap connections can be changed rapidly, without 
soldering. Most discrete components are installed on dip header 
plugs, which are then plugged into the wire wrap sockets. Fig. 2-6 
shows a wire wrap socket and a dip header. 


Step 1 
On the VECTOR 3682-2 card, solder a short piece of bare hook-up 
wire between the square foil pad from edge connector position A to 
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(B) Dip header plug. 
Fig. 2-6. Wire wrap socket and dip header plug. 


the nearest power bus foil or conductor. In a similar manner, con- 
nect the square foil pad from edge connector position Z to the 
nearest power bus foil or conductor. This makes the power connec- 
tions to the board. 


Step 2 

Connect the foil from edge connector position A to edge con- 
nector position 1. Connect the foil from edge connector 22 to edge 
connector Z. 


Step 3 


Solder a 33-microfarad 35-volt tantalum capacitor between the 
positive and negative power bus. Use the 3,38 hole-grid location 
for the positive lead and the 3,36 hole-grid location for the negative 
lead. The hole-grid patterns are printed on the card. 
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Step 4 
Solder a 0.1-microfarad 50-volt disc capacitor between the positive 
and negative power buses at the following hole-grid locations: 


C2 between 24, 38 and 24, 36 
C3 between 24, 32 and 24,30 
C4 between 24, 26 and 24, 24 
C5 between 24, 20 and 24, 18 


Step 5 

When you install a wire wrap socket on the breadboard, use five- 
minute two-part epoxy resin to fasten it to the board. Do not permit 
the resin to come in contact with the metal pins. Install the No. 1 
socket pin in the white square on the component side of the board. 
Fig. 2-7 shows the proper location of the sockets. Install eight 14-pin 
wire wrap sockets at the following component-grid locations: 


0.1 wF CAPACITORS 


16-PIN 14-PIN 14-PIN 14-PIN 

SOCKET SOCKET A SOCKET SOCKET 
16-PIN 16-PIN 14-PIN 16-PIN 
SOCKET SOCKET : SOCKET SOCKET 


Eo 16-PIN 16-PIN 14-PIN 16-PIN 
SOCKET SOCKET : SOCKET SOCKET 


COMPONENT SIDE 


. 2-7. Location of the wire wrap sockets on the breadboard card. 


BY, BV, CZ, CY, CX, CW, DY, DW 


In a similar manner, install ten 16-pin wire wrap sockets at the fol- 
lowing component grid locations: 


AZ, AY, AX, AW, AV, BZ, BX, BW, DZ, DX 


Step 6 

Cut and save the wire wrap pins from two spare 16-pin wire wrap 
sockets. Solder 15 of these pins to the foil pads that are connected to 
the following edge connector positions: 2, 4, 5, 6, 7, 8, 9, 10, 11, 15, 
16, 17, 18, and 20, so that the pins are oriented on the wiring side 
of the board. Solder 8 pins to the positive power bus in hole-grid 
rows 47 and 48. Solder 8 pins to the negative power bus in hole- 
grid rows 3 and 4. Make sure that the wire wrap pins are extended 
from the wiring side of the breadboard. 


WIRING THE LOGIC PROBE 


The logic probe circuit of Fig. 2-8 is a useful tool to help you 
“see” the logic signals that the PET provides from the user port. It 
will help you to understand the operation of the integrated circuits 
that are used in the experiments with the user port, and will help 
you to troubleshoot any additional circuits that you build after you 
do the experiments. If you already have a commercial logic probe 
you may use it instead of the logic probe circuit on the breadboard. 

The purpose of a logic probe is to determine the logic state of a 
signal line. When a logic probe is connected to a signal line, the 
current logic state of the signal is displayed. The logic probe of 
Fig. 2-8 will display the following information. 


Voltage Range Equivalent Logic Signal LED Display 
2.48 V to Vec Logic HIGH Red LED on 
0.8 to 2.48 V “*Gray area” No LED on 
0100.8 V Logic LOW Green LED on 


* This signal is usually interpreted by TTL logic circuits as a logic high signal. An unconnected 
TTL input will assume a “gray area’”’ voltage level. 


The logic probe circuit of Fig. 2-8 also provides a pulse stretching 
feature. The feature permits the display of a rapid change to a logic 
level, which is too fast to be seen on the red or green LEDs. When 
a logic low-to-high or high-to-low transition is detected, the yellow 
LED will flash for approximately 100 milliseconds. 

You can use standard wire wrap wire and a standard or modified 
wire wrap tool to make the electrical connections on the breadboard. 
When you use standard wire wrap tools, you must cut and strip 
each end of each wire, or use various lengths of precut and pre- 
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Fig. 28, Schematic diagram of the logic Probe circuit. 
stripped wire. We used a different method of making wire “Wray con 
nections called JUST-WRAPS, aking P 
The difference 


on the wire is cut as you wrap the post, and the connection is made. 
The JUST-WRAP tool cuts the wire after the wrap is made, so that 
measuring, cutting, and stripping are not required. We also found 
that the removal of JUST-WRAP wire to correct wiring errors or to 
construct new circuits was very easy. 

Fig. 2-8 shows the schematic of the logic probe circuit. Construct 


the logic probe as follows: 


Step 1 

Install integrated circuit IC10 (SN74LS123) in the 16-pin socket 
at location BX on the breadboard card. Install integrated circuit IC11 
(LM3339) in the 14-pin socket at location CX on the breadboard card. 


Step 2 

Use five-minute two-part epoxy resin to fasten the red, green, and 
yellow LEDs on the breadboard card. Install the LEDs on the 
component side of the card. Do not allow epoxy resin to touch the 
wires of the LEDs. Install the LEDs as follows: 


LED Color Anode (+) Hole Position Cathode (—) Hole Position 
Red 50,17 50,16 
Green 50,21 50,20 
Yellow 50,25 50,24 


Fig. 2-9. Discrete components of the logic probe. 
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Fig. 2-10. Location of components for the logic probe circuit. 
Step 3 


Solder resistor R6 betw 
location 3,6 and the outer 


Step 4 


een the negative power bus at hole-grié 
circuit board foil at hole-grid location 3,0. 


\ Insulation (spaghetti). Install the dip header 
in the 16-pin socket Jo 


cated at position DX of the breadboard card. 
Step 5 


Make the necessary connections to complete the wiring of the 
logic probe accordi t 


ing to the schematic diagram, Fig. 2-8. Make solder 
connections to the anode and Cathode of each LED. Connect IC10, 
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pins 1 and 10, and IC11, pins 4 and 7 to the outer foil of the bread- 
board card. Solder a 12-inch long wire to the outer foil of the circuit 
card. Solder a pin or other probe to the free end of the 12-inch long 


wire. The pin is the logic probe. 


Step 6 

Check to assure that the integrated circuits IC10 and IC11 are 
installed with pin No. 1 in the proper location. Fig. 2-10 shows the 
breadboard circuit card with the components of the logic probe in- 


stalled. 


CHECKING THE OPERATION OF THE LOGIC PROBE 


Connect the 22-position connector of the interface cable to the 
breadboard circuit card. Check to assure that the numbers and letters 
on the connector correspond to the numbers and letters on the bread- 
board card. Connect the 5-volt power to the interface cable. It is not 
necessary to have the other end of the cable connected to the PET 
computer. 

Connect the logic probe to the foil from edge connector position 
No. 1. The red LED should light. Connect the logic probe to the 
foil from edge connector position No. 22. The green LED should 
light. Repeat the connections. As you change the state of the logic 
probe signals, the yellow LED should flash briefly. 

You may use the logic probe to test the proper wiring of the 
interface cable when you start the interface experiments. 
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CHAPTER 3 


Interface Experiments 
With the User Port 


INTRODUCTION 


The experiments in this chapter are designed to give you experience 
in making the PET computer respond to, and control, so-called out- 
side world devices and signals via the user port. Simple, low-cost 
integrated circuits are used for most of the experiments. 

If you do not have experience in building electronic breadboard 
circuits, we recommend that you read the first chapter in Logic and 
Memory Experiments Using TTL Integrated Circuits, Book 1 (How- 
ard W. Sams & Co., Inc., Indianapolis, IN 46268). 

The experiments in this chapter are programmed completely in 
BASIC. It is not necessary to know or understand the assembly 
language programming of the 6502 microprocessor. Programming the 
experiments in BASIC necessarily limits the speed and practicality 
of some of the examples presented in this chapter. If you understand 
assembly language programming, you can convert the BASIC state- 
ments to equivalent assembly language statements. If you want to 
investigate assembly language programming, we recommend that you 
obtain the MCS6500 Microcomputer Family Programming Manual 
(Commodore/MOS Technology, 950 Rittenhouse Road, Norristown, 
PA 19401). Another good book for beginners is 6502 Software De- 
sign (Howard W. Sams & Co., Inc., Indianapolis, IN 46268). _ 

The experiments in this chapter are divided into three different 
sections as follows: 


1. Parallel I/O Interfacing Experiments. 
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2. Serial I/O Interfacing Experiments. 
3. Advanced Interfacing Experiments. 


GENERAL INFORMATION ABOUT THE USER PORT 


You can think of the PAO—-PA7 signals of the user port as a 
single memory location within the PET computer. The PAQ—PA7 
signal lines come from a special integrated circuit called a MCS 
6522 Versatile Interface Adapter (VIA). 

The VIA is a sophisticated integrated circuit consisting of 20 
input/output signals, two timers or counters, an eight-bit bi-direc- 
tional shift register, and several programmable registers or memory 
locations. Some of the input/output signals and some of the features 
of the VIA are used by the PET computer. For example, one of the 
timers in the VIA is used to pace the real-time clock in the PET 
computer. Many of the features of the VIA are available to the 
clever BASIC programmer. Many more of the features of this chip 
are available to the assembly language programmer. If you program 
in assembly language, you should refer to the data sheet for the 
MCS 6522 Versatile Interface Adapter (Commodore/MOS Tech- 
nology, 950 Rittenhouse Road, Norristown, PA 19401). The VIA 
appears to the PET as 16 side-by-side memory locations from decimal 
address 59456 to 59471. 

There are 12 signals from the MCS 6522 VIA available for use 
at the user port, PAO-PA7, PB3, CA1, CB1, and CB2. The CB1 line 
is the data-read line for the second tape cassette interface. The PB3 
line is the data-write line for both cassette recorders. These lines 
may be used for external device interfaces when the recorders are 
not in use, 

With the exception of the CA1 signal, all of the other signals 
available on the user port can be programmed as inputs or outputs. 
The CA1 signal is an input, and cannot be programmed as an output. 
When the PAO-PA7, PB3, CB1, and CB2 signals are programmed 
as outputs, they can drive one TTL input or four LSTTL inputs. 
When PAO-PA7, CB1, and CB2 are programmed as inputs, think of 
pay re ately load. The CA1 signal, which is always 

’ S about o i i i 
much less than one TTL nee wa oy SUEDE Sawn 


WIRING THE BREADBOARD FOR PARALLEL 1/O EXPERIMENTS 


Fig. 3-1 shows the schematic diagram of the circui i 

: ge e circuit for experiments 
with parallel I/O. This circuit is wired : se 
to the circuit of the logic probe sain - breadboard in addition 


constructed with eight 330- ohm resistor array was 


ohm, 1/4-watt resistors and a 16-pin 
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Fig. 3-1. Schematic diagram of the breadboard circuit for parallel input/ 


output experiments. 
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dip header. Alternatively, you could use a commercial resistor array 
of the same value and configuration. We called the resistor array IC1, 
and installed it in the socket at position AZ on the breadboard. 

We used a set of eight, small LEDs, which were soldered on a 
16-pin dip header, to facilitate the construction of the I/O display. 
When you solder the LEDs on the dip header, be sure that the 
individual anodes are connected to pins 9 through 16, and that the 
cathodes are connected to pins 1 through 8. Also, be sure that the 
lens of the LED is up when you solder an LED to the dip header. 
The LED array on the dip header is IC2. 

Install IC2 in the socket at location BZ, with the cathode of the 
top LED in position 1. Install the two SN74LS04 hex inverter inte- 
grated circuits, IC6 and IC7, in the sockets at locations BY and CY 
—IC6 at BY and IC7 at CY. 

Install the eight-position dip switch, ICS, in the socket at location 
AY on the breadboard. 

Drill two holes for switches SW9 and SW10. We placed the centers 
of the two holes on hole locations 43,3 and 49,3. Connect four 
2200-ohm pull-up resistors between the positive power bus and the 
NC and NO terminals of both switches, one resistor per terminal. 
Connect the common terminal (wiper) of each switch to the nega- 
tive power bus (ground). Install the SN74LSO00 integrated circuit, 
IC8, in the socket at location DY. Complete the wiring according 
to Fig. 3-1. The output from IC8, pin 6 is not connected until the 
circuit for the serial I/O experiments is constructed. Fig. 3-2 shows 


the location of the circuit components on the breadboard circuit for 
the parallel output experiments. 


Experiment No. 1 
8-BIT PARALLEL OUTPUT PORT 
Purpose 


The purpose of this experiment is to set up the user port as an 
output port, and to control each bit independently of the other bits. 


Discussion 


There are two 8-bit registers in the MCS 6522 VIA chip that 
you will work with in this experiment. The first register is the data 
direction register for the peripheral A signals (DDRA). The address 
of the DDRA is hexadecimal $E843, or decimal 59459. 

For each peripheral A (PA) signal line, there is a corresponding 
bit in the DDRA, which controls whether the PA signal is to be an 


input or an output signal. Fig. 3-3 shows the relationship between 
the bits of the DDRA and the PAO to PAT signals. 
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Fig. 3-2. Breadboard component location diagram for the parallel input/ 
output experiments. 


If a bit in the DDRA is set (logic one), the corresponding PA 
signal will be an output signal. If a bit in the DDRA is cleared (logic 
zero), the corresponding PA signal will be an input signal. There- 
fore, to configure all the PA signals as outputs, it is necessary to 
set all the bits in the DDRA. The binary value of 11111111 is re- 
quired for the DDRA, which is decimal 255. 

The BASIC POKE statement is used to store a decimal value at 
a specific memory location. The format of the POKE statement 1s 
as follows: 


POKE A,N 


where A is a decimal address in the range 0 to 65535, and N is a 
decimal value in the range 0 to 255. 

The other register you will work wit 
Output register for the peripheral A signa 


h in this experiment is the 
Is (ORA). The ORA is 
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Fig. 3-3. Relationship of the bits in the DDRA to the input/output status 
of the ORA signals. 


| INPUTS 


located at decimal address 59471. The ORA is the “‘memory location” 
where the data to be placed on the PA signal lines will be stored. 
The POKE statement is the statement used to store the information 
in the ORA. 

Another BASIC statement that you will use in this experiment is 
the PEEK statement. You will use the PEEK statement to check 
the data stored at a memory location. The PEEK statement has the 
following format: 


N=PEEK (A) 


where A is the decimal address to be examined and N becomes the 
decimal value for the 8-bit binary number found at that location. 


Step 1 


Connect the breadboard and interface cable to the PET user port. 
Remove the eight-position dip switch from the breadboard and set 


it aside. Connect the 5-volt power supply to the j able. Turn 
on the PET computer. P pply to the interface c 


Step 2 


What is the binary value of the DDRA and the ORA? You could 


use the following direct statements t DDRA 
and the ORA: O check the value of the 


PRINT “DDRA=";PEEK (59459) 
PRINT “ORA=";PEEK (59471) 
What do you know about the 


Status of i to PAT? 
The PAO to PA7 signal lines ar vee peo mies BAO te 


€ all inputs since the PET computer 
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“powers on” with a value of zero in the DDRA. You may have 
noticed that all of the LED indicators on the LED array indicate 
that the PAO to PA7 signal lines are a logic high. When the PAO to 
PA7 signal lines are programmed as inputs, the VIA causes them 
to pull up to a logic high, unless they are connected to a logic low 


signal. 


Step 3 
Enter the following direct statement: 


POKE 59459, 255 
Explain why all the LED indicators went out. 

The POKE 59459, 255 statement set up the PAO to PA7 lines as 
outputs. The data in the ORA is still zero. Since the PAO to PA7 
lines were free to act as outputs, the data on the ORA was transferred 
to the PAO to PA7 signal lines. The binary data in the ORA was 
00000000, which caused each PA signal to go to a logic low. 


Step 4 
Each of the bits in the 8-bit memory location has a binary weight. 
The binary weight of each bit is as follows: 


Bit Signal Binary Weight 
0 PAO 1 

1 PAI 2 

2 PA2 4 

3 PA3 8 

4 PA4 16 

5 PA5 32 

6 PA6 64 

7 PA7 128 


To make an output signal go to a logic high, it is necessary for 
the bit corresponding to the output signal in the ORA to be set. What 
statement could be used to make the PA2 signal line go to a logic high? 

A POKE 59471, 4 statement will make the PA2 line go to a logic 
high, as indicated above. Try the command now. You should see 
the third LED from the bottom of the LED array light. Now execute 
the following statement: 


POKE 59471, 0 


You can see that it is easy to control a signal line with BASIC. 
Experiment on your own to make each signal line, PAO to PA7, 
go to a logic high and back to a logic low. 


Step 5 


Write a simple BASIC program to make each PA signal line go 
to a logic high, in sequence, from PAO to PA7. When you run the 


39 


program, it should appear that a lighted LED moves rapidly, from 
the bottom to the top of the LED display. 
We used a short program as follows: 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 
105 A=1 

110 FOR 1=0 TO 7 

120 POKE 59471, A 

130 A=A*2 

140 NEXT 1:END 


Step 6 


Most practical applications of an 8-bit output port will require 
the capability, in software, to control a single PA signal line with- 
out changing the status of other PA signals. Later in this book you 
will see how to control ac power with a logic signal. For the time 
being, assume that you are using the PAO, PA1, and PA2 signals 
to control the following ac devices in your home: 


1. PAO fan for attic ventilation. 
2. PA1 pump for swimming pool. 
3. PA2 outdoor lights. 


The PA3 to PAT signal lines are not used in this example. A logic 
high signal at PAO to PA2 will cause the ac device associated with 
the signal to turn on. Assume that the fan and pump are on, and 
the lights are off. 

Duplicate the required logic states on the breadboard with a 
POKE 59471, 3 statement. How would you turn off the pump without 
turning off the fan or turning on the lights? 

When you change the status of a single bit at any memory loca- 
tion, you must first find out what the current status is. You could 
check the status of all the PA signals with the following statement: 


PRINT “ORA=";PEEK (59471) 


The next step would be to change the value in the ORA so that the 
two-weight bit would be cleared. If you wished to turn on the pump, 
you would have to get the value of the ORA and then set the two- 
weight bit. 

Fortunately, the BASIC in the PET has logical functions that 
permit the evaluation and manipulation of single bits. These func- 
tions are the logical AND, OR, and NOT functions. 

Before you tackle changing the status of an output line without 
disturbing other output lines, you must use logical bit manipulation 


functions. The use of these functions is covered in the following 
statements. 
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TO CLEAR A BIT OR MAKE A SIGNAL LOW 


Use the following statement to clear a bit or to make a signal 
go to a logic low: 


POKE 59471, (PEEK (59471) AND NOT N) 


where N is the binary weight of the bit or signal to be set to a 
logic low. 


TO SET A BIT OR MAKE A SIGNAL HIGH 


Use the following statement to set a bit or to make a signal a 
logic high: 


POKE 59471, (PEEK (59471) OR N) 


where N is the binary weight of the bit or signal to be set to a 
logic high. 


The statements can be used with any memory location, with the 
exception of the interrupt flag register and the interrupt enable register 
(IFR and IER). The IFR will be covered in later experiments. 

The proper statement to turn off the pump without turning off 
the fan or turning on the lights is as follows: 


POKE 59471, (PEEK (59471) AND NOT 2) 


Check to make sure that the statement turns off the LED for PAI, 

and leaves the other LEDs unchanged. ; 
Experiment on your own by changing the output signals inde- 

pendently. 


Step 7 
Use the example in Step 6 to write a program to do the following 
in sequence: 


. Turn off all ac devices. 
. Turn on the pump. 

. Turn on the fan. 

. Turn off the pump. 

. Turn on the lights. 

. Turn off the fan. 


Put a delay between each event so that you can test the program with 
the LED array on the breadboard. A good delay subroutine to use 
is as follows: 


NNnNhWN 


1000 FOR !=1 TO 500:NEXT I:RETURN 
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Any program that operates the LEDs in the proper sequence is 
satisfactory. We used the following program: 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 
105 N=59471 

110 POKE N, 0:GOSUB 1090 

120 POKE N, (PEEK (N) OR 2):GOSUB 1000 

130 POKE N, (PEEK (N) OR 1):GOSUB 1000 

140 POKE N, (PEEK (N) AND NOT 2):GOSUB 1000 
150 POKE N, (PEEK (N) OR 4):GOSUB 1000 

160 POKE N, (PEEK (N) AND NOT 1):GOSUB 1000 
170 END 

1000 FOR 1=1 TO 500:NEXT I:RETURN 


Review 


Now you know how to make the user port into an output port, 
and how to control each PA signal independently. You should un- 
derstand how to use the PEEK and POKE statements to store and 
read data in memory locations in the PET computer. Finally, you 
should understand how to use the logical AND, OR, and NOT 
statements to control single bit changes on the PA output lines. 


Experiment No. 2 


8-BIT PARALLEL OUTPUT PORT 
WITH HANDSHAKING 


Purpose 


The purpose of any computer is to input data, process data, and 
output data. The user port is just one of many locations where the 
PET computer can output data. All devices accept data at differing 
rates. The purpose of this experiment is to show you how to pro- 
gram the user port to output data in an orderly, controlled manner, 


according to an external signal. This external signal is called a 
handshake signal. 


Step 1 


Probably the most common use for an output handshake is to 
permit the orderly transfer of data to a printer. A printer usually 
accepts data at a slower rate than a computer can send data. In the 
first part of this experiment, you will play the part of a printer 
by jotting down the bit patterns on the LED display array as the 
PET puts ASCII data on the user port. The following program will 
permit you to see how the PET sends ASCII data to the user port. 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 


110 A$=“THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.” 
120 FOR I=1 TO LEN(A$) 


42 


130 POKE 59471, ASC(MID$(A$,I,1)) 

140 NEXT I:END 

When you run the program, write the bit patterns that appear on 
the LED display array. Were you able to verify the ASCII data 
that appeared on the LED array? If not, why not? Of course not. 
The ASCII data for all the characters in A$ was placed, in sequence, 
on the PA signal lines in less than 1 second. All you saw were the 
LEDs flashing. What you need is a method to slow the computer 
down to a speed slow enough so that you can see each ASCII char- 
acter on the LED array, one at a time. 

Refer to the breadboard circuit diagram, Fig. 3-1. Switch SW9 
is connected to a logic pulser that can provide a clean logic signal 
change to the CAI signal line. In Step 2, you will use SW9 and the 
CAI signal to provide a handshake signal to the PET computer. 


Step 2 

It is not possible to check the logic state of the CA1 signal line. 
The CA1 signal line can only set a single bit, or flag, in the VIA 
chip. The CA1 flag is set to a logic 1 when there is a logic signal 
change on the CA1 signal line. The CAI flag can only be cleared 
when you, under program control, intentionally clear it. 

The CA1 flag can be programmed to be set when the CA1 signal 
goes from a logic high to a logic low, or it can be programmed to 
be set when the CA1 line goes from a logic low to a logic high. When 
you program the way in which the CA1 signal will set the CA1 flag, 
you determine whether a positive or negative transition on the CAI 
signal line sets the CA1 flag. 

You program the active positive or active negative transition of the 
CA1 signal line by setting or clearing the one-weight bit (DO) of the 
peripheral control register (PCR) of the VIA. The PCR is located 
at decimal address 59468. If the one-weight bit in the PCR is 
cleared, the CA1 flag will be set when the CA1 signal goes to a logic 
low from a logic high. If the one-weight bit in the PCR is set, the 
CAI flag will be set when the CA1 signal goes from a logic low to 
a logic high. . 

The CA1 flag is found in the two-weight (D1) bit position of 
the interrupt flag register (IFR). The IFR is located at hexadecimal 
address $E84D or decimal address 59469. The name, interrupt 
flag register, suggests that the setting of the CA1 flag in the interrupt 
flag register will create an interrupt. This is not true unless some 
additional flags are set. None of the programs in this chapter create 
interrupt conditions. To avoid any confusion regarding interrupts, 
we will refer to the interrupt flag register as the flag register (FR). 

After the CA1 flag is set in the FR, it can only be cleared by a 
deliberate programming action. The CA1 flag can be cleared by a 
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PEEK or POKE to a special output register, or by a POKE of the 
decimal value two to the flag register. 

Use the logic probe to check the logic state of the CA1 signal 
line. It should be a logic high. Monitor the state of the CA1 signal 
line while you press switch SW9. The CA1 signal line should go to 
a logic low. Run the following program to demonstrate the action 
of the CAI signal on the CA1 flag. 


100 REM SETS CA] FOR NEGATIVE TRANSITION 
110 POKE 59468, (PEEK (59468) AND NOT 1) 

120 POKE 59469, 2:REM CLEARS CAI FLAG IF SET 
130 IF PEEK (59469) AND 2 THEN 200 

140 PRINT “CA1 FLAG CLEAR’:GOTO130 

200 PRINT “CA1 FLAG SET”’:GOTO130 


The statement on line 130 checks for the presence of the two-weight 
bit. If you do not understand the statement, do not worry. This type 
of statement will be discussed in the experiments on data input. 
While you run the program, depress SW9. If the program indicates 
that the CA1 flag is set, can you clear it without stopping and re- 
running the program? Why? The program should indicate that you 
set the CA1 flag as soon as you press down on switch SW9. You 
cannot clear the CA1 flag without stopping and rerunning the pro- 


gram because there is no statement to clear the flag in the main 
program loop. 


Step 3 
Change lines 100 and 110 to read as follows: 


100 REM SETS CA] FOR POSITIVE TRANSITION 
120 POKE 59468, (PEEK (59468) OR 1) 


Run the program. Press SW9 slowly after you run the program. 
How does this program differ from the program in Step 2? You 
should notice that the CA1 flag is not set until you release switch 
SW9. When you ran the program in Step 2, the CA1 flag was set 
when the CA1 signal line went from a logic high to a logic low. The 
transition occurred as soon as switch SW9 was pressed. In this step, 
the CAI flag was set when the CA1 signal line went from a logic 


low to a logic high. The transition occurred when the switch was 
pressed and then released. 


Step 4 


Modify the program of Step 1 to output the ASCII data at a speed 
controlled by switch SW9. Use the negative transition of CA1 to set 
the CA1 flag, and be sure to clear the CA1 flag during each program 
loop. Any program that sends the ASCII characters, one at a time, 


44 


each time you depress switch SW9 is satisfactory. We modified the 
program from Step 1 as follows: 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 

105 POKE 59468, (PEEK (59468) AND NOT 1):REM CA NEGATIVE 
106 POKE 59469, 2:REM CLEAR CAl FLAG 

110 A$="“THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.” 
120 FOR I=1 TO LEN(A$) 

125 IF PEEK (59469) AND 2 THEN 130 

126 GOTO 125 

130 POKE 59471, ASC(MID$(A$,1,1)) 

135 POKE 59469, 2:REM CLEARS CA1 

140 NEXT I:END 


Step 5 


In the sample program listing provided in Step 4, you will note 
that the instructions at line No. 125 and Line No. 126 appear 
somewhat awkward. Your equivalent program was probably just as 
awkward as ours. The purpose of these statements, of course, is to 
wait or loop until the CA1 flag is set. There is a single BASIC state- 
ment that you could use in place of these statements to accomplish 
the same purpose. The statement is the WAIT statement. 

The WAIT statement causes the execution of a BASIC program 
to stop until a specific bit in memory is set or cleared. When you 
use a WAIT statement, you must make sure that something will set 
or clear the bit you are testing, or you will not be able to regain 
control of the PET. The WAIT statement has the following format: 


WAIT, A, W, S 


where A is the decimal address of the memory location containing 
the bit to be tested, W is the binary weight of the bit to be tested, 
and S is equal to zero or W, depending on the state of the bit that 
will cause the program to resume operation. 

If S is zero, then the WAIT statement will cause the execution 
of a BASIC program to stop until the bit being tested is set. If the 
value of S is equal to W, the binary weight of the bit being tested, 
then the execution of a BASIC program will be suspended until the 
bit being tested is cleared. 

The WAIT statement makes it easy to handle a handshake in 
BASIC because it stops BASIC until a specific bit in memory is set 
or cleared. Here are some typical WAIT statements with explanations: 


WAIT 59469, 2, 0 Wait for the two-weight (D1) bit at decimal ad- 
dress 59469 to be set. : ; 
WAIT 59471, 128, 128 Wait for the 128-weight (D7) bit at decimal ad- 


dress 59471 to go low. 


If the value of S is zero, it can be omitted from the WAIT state- 
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ment. The statement WAIT 59471, 1, 0 is equivalent to WAIT 
59471, 1. 

Modify the program in Step 4 to use a WAIT statement. Test 
the program with the breadboard. 
We changed our program to look like this: 

100 POKE 59459, 255:REM DDRA ALL OUTPUTS 

105 POKE 59468, (PEEK (59468) AND NOT 1):REM CA1 NEGATIVE 

106 POKE 59469, 2:REM CLEAR CA1 FLAG 

110 A$="THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.” 

120 FOR 1=1 TO LEN(A$) 

125 POKE 59471, ASC(MIDS(AS,1,1)) 

130 WAIT 59469, 2 

135 POKE 59469, 2:REM CLEARS CAl FLAG 

140 NEXT I:END 


Step 6 

Up until now, we have used the address 59471 for the ORA sig- 
nals. This is the register which puts the output signals on the PAO 
to PA7 signal lines. There is another memory location in the MCS 
6522 VIA that can be used to control the output signals on the 
PAO to PA7 signal lines. This register is also known as the ORA, 
and it is located at hexadecimal address $E841 or decimal ad- 
dress 59457. 

The advantage of using this new memory location for the ORA 
is that when you PEEK from or POKE to this ORA, you also clear 
the CA1 flag in the FR. You could say that the ORA at decimal 
address 59457 automatically handles the flag-clearing function in 
the handshake cycle. In order to avoid confusion between the ORA 
at decimal address 59471, and the ORA at decimal address 59457, 
-we will refer to the ORA at address 59457 as ORAH. The H suffix 
will remind you that the CA1 flag-clearing portion of the handshake 
cycle occurs with a PEEK from or a POKE to ORAH. 

Modify the program you wrote in Step 5 to eliminate the POKE 
to the FR to clear the CA1 flag. Check to make sure that the pro- 
gram works correctly with the breadboard. Our program looked like 
the following: 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 


105 POKE 59468, (PEEK (59468) AND NOT 1):REM CA1 NEGATIVE 
106 Q=PEEK(59457):REM CLEARS CA] FLAG 


110 A$="THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.” 
120 FOR 1=1 TO LEN(A$) 

125 POKE 59457, ASC(MID$(A$,1,1)) 

130 WAIT 59469, 2 

140 NEXT |: END 


You will note that we used a PEEK with a dummy variable in line 
No. 106 to clear the CA1 flag, because a POKE would have placed 
some improper data on the PAQ-PA7 signal lines. 
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You can see how much more compact the BASIC program is 
when you make full use of the features of the MCS 6522 VIA. 


Step 7 

Most data transfer handshakes require a two-wire (two signal) 
handshake. In Step 6, we have a sample program which permits a 
device on the user port to control the speed of data transfer. When 
you run the program on the breadboard, you press SW9, and the 
next ASCII character is transferred. You are generating a “data 
taken” signal. There is some short time delay between the “data 
taken” signal and the time that the next character’s ASCII value 
is placed on the PAO-PA7 signal lines. You cannot detect the time 
delay, but an electronic output device can. 

An electronic device, such as a printer must have a signal that 
tells it that the data on the PAO to PA7 lines is valid. This signal 
is usually called a “data ready” or “data valid” signal. In this step, 
you will create a “data ready” signal for an external device. 

The data ready signal must be an output from the user port. The 
CB2 signal line is available for use as a data ready output signal. 
The CB2 signal line can be programmed to be an input or an output, 
but it is programmed differently than the ORA. The peripheral con- 
trol register (PCR) at hexadecimal address $E84C or decimal ad- 
dress 59468 is the memory location for the control of CB2. The 
128-weight (D7) bit and the 64-weight (D6) bit of the PCR must be 
set for CB2 to be an output line under control of a BASIC program. 
You can use the following statement to set CB2 for output mode: 


POKE 59468, (PEEK (59468) OR 128 OR 64) 


After you set up CB2 as an output, you can control the CB2 signal 
line by setting or clearing the 32-weight (D5) bit of the PCR. Use 
the following statement to make the CB2 signal line go to a logic high: 
POKE 59468, (PEEK (59468) OR 32) 
Use the following statement to make the CB2 signal line go to a 
logic low: 
POKE 59468, (PEEK (59468) AND NOT 32) 
Set up the CB2 signal as an output signal. Monitor the CB2 signal 
on the breadboard by connecting the logic probe to the foil which 
goes to the edge connector position No. 16. Use the proper state- 
ments to make the CB2 signal line go to a logic high and a logic low. 


Step 8 
Modify the program in Step 6 to provide a data ready signal on 
the CB2 output signal line. Arrange the program so that the data 
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ready signal is a logic high signal. This means that the data ready 
signal must go to a logic low before you place another character 
on the user port. It will go high again after the data transfer has 
taken place. After you change the program, run the program. Monitor 
the CB2 signal line on the breadboard to check that the signal goes to 
a logic low briefly during every data transfer cycle. We modified 
our program from Step 6 as follows: 


100 POKE 59459, 255:REM DDRA ALL OUTPUT 

105 POKE 59468, (PEEK (59468) AND NOT 1):REM CAT NEGATIVE 
108 POKE 59468, (PEEK (59468) OR 128 OR 64):REM CB2 SETUP 
109 POKE 59468, (PEEK (59468) AND NOT 32):REM CB2 LOW 

110 A$="THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.” 
120 FOR I=1 TO LEN(A$) 

125 POKE 59467, ASC(MID$(A$,!,1)):REM STORE DATA/CLEAR FLAG 
130 POKE 59468, (PEEK (59468 OR 32): REM CB2 HIGH/READY 
135 WAIT 59469, 2:REM WAIT FOR CAl FLAG/DATA TAKEN 

140 POKE 59468, (PEEK (59468) AND NOT 32):REM CB2 LOW 

150 NEXT 1:END 


You will note that our program initializes the input and output 
lines, then sets the CB2 (data ready) signal line low to indicate that 
the data is not valid. The data is then placed on the PAO to PA7 
signal lines; and the data ready signal line is set high. Since the data 
is stored at the ORAH, the CAI flag is cleared. The program is then 
halted until the CA1 signal line goes to a logic low to indicate that 
the data was taken. As soon as the data is taken, the CB2 signal goes 
to a logic low until the next character is output. Each time a character 
is output at the ORAH, the CA1 flag in the FR is cleared auto- 
matically, 

You could write a different program so that the data taken signal 
would set the CA1 flag on the low-to-high transition. You could 
write a program so that the data ready signal was a logic low instead 
of a logic high signal. Indeed, if you want to interface an actual printer 
to the user port, you will have to determine the correct sequence, 
duration, and polarity of the handshake signals required from the 
information provided by the manufacturer of the printer. 


Review 


In Experiment Number 2, you were able to transfer data from the 
user port to an external device in an orderly manner. You should 
know how to program the CA1 input line to act as a data taken 
signal on either a low-to-high or high-to-low transition of the sig- 
nal. You should know how to clear the CA1 flag in the FR, either 
by a direct POKE to the FR, or by a PEEK or a POKE to the 
ORAH. Finally, you should understand how to set up the CB2 signal 
line as an output, and how to use the output as a data ready signal. 
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Experiment No. 3 
8-BIT PARALLEL INPUT PORT 


Purpose 


The purpose of this experiment is to set up the user port as an 
input port, and to read the status of each input signal line. 


Step 1 
Execute the following statement: 


POKE 59459, 0 


This statement programs the DDRA for all inputs on the PAOQ-PA7 
input signal lines. Install the eight-position dip switch, IC5, in the 
socket at location AY on the breadboard. Move the switches on ICS 
so that they are all open, and all the LEDs on the LED array are on. 

What is the value contained in the ORA? A PRINT PEEK 
(59471) statement will print the decimal value of the ORA. The 
LEDs in the LED array are all on because the PAO to PA7 lines are 
programmed as inputs by the DDRA. The PA signal lines are not 
connected to a logic low signal, so they assume a logic high state 
due to the internal pull up action of the MCS 6522 VIA chip. 


Step 2 
Execute the following statement: 
POKE 59471, 0 


Was there any change to the LEDs on the LED array? Why? You 
should see no change to the LEDs on the LED array because the 
ORA is set up to be all inputs. When you program a signal line as 
an input, output statements have no effect on the input signal lines 
or the value in the ORA. 


Step 3 

The circuit of Fig. 3-1 shows that when any switch on ICS is 
closed, the corresponding input signal goes to a logic low. When an 
input signal goes to a logic low, the corresponding binary bit in the 
ORA is cleared. Write a short program to continuously display the 
value of the ORA. Clear all the bits in the ORA by closing all the 
switches on IC5. Run the program while you open the switches on 
ICS, one at a time, to verify the binary weights of each switch position. 
We used the following program: 


100 POKE 59459, 0:REM DDRA ALL INPUTS 
110 PRINT PEEK (59471) 
120 GOTO 110 
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Step 4 


When you use the user port, the data on the PAO to PA7 signal 
lines may be binary or ASCII or some other “coded” data, which 
would be read eight bits at a time. There are other times when you 
will want to test the status of individual PA lines. We will use the 
AND and NOT statements to test the status of individual PA signal 
lines. When you test the status of an individual PA signal, you will 
probably use the result of the test to make a decision in your pro- 
gram. For this reason, the testing of individual input signals is com- 
bined with an IF statement. 

The following statements summarize the branches to be used with 
the bit testing program when testing input signals. 


TO TEST FOR A BIT SET OR SIGNAL HIGH 


Use the following statement to test and branch on the condition 
that a bit or signal is a logic high: 


IF (PEEK (59471) AND N) THEN BBB 


where N is the binary weight of the bit or signal, and BBB is 
the branch to BASIC line number if the bit or signal is a logic 
high. 


TO TEST FOR A BIT CLEAR OR SIGNAL LOW 


Use the following statement to test and branch on the condition 
that a bit or signal is a logic low: 


IF N AND (NOT (PEEK (59471))) THEN BBB 


where N is the binary weight of the bit or signal, and BBB is the 
branch to BASIC line number if the bit or signal is a logic low. 


The branching tests above can be used with any bit at any memory 
location. 

Write a short program that continuously displays the open or 
closed status of each switch on ICS. Any program that displays the 
correct information is satisfactory. We tried the following program: 


100 POKES9459,0:REM DDRA ALL INPUT 


110 PRINT CHR$(147);:REM CLEARS SCREEN 
120 A=1 


125 PRINT CHR$(19);:REM HOMES CURSOR 
130 FOR !=0 TO 7 


50 


140 PRINT “SWITCH’51; 

150 IF ((PEEK (59471)) AND A) THEN PRINT ” OPEN. ” 

160 IF A AND (NOT (PEEK (59471))) THEN PRINT “ CLOSED.” 
170 A=A*2 

180 NEXT I:GOTO 120 


Step 5 


You can use the WAIT statement to test and wait for any single 
PA signal to go to a logic high or a logic low. In Experiment No. 2, 
Step 5, the use of the WAIT statement is covered in detail. 

Write a short program that uses the WAIT statement to stop the 
execution of a BASIC program until a bit on the user port is set 
or cleared. 

The following program fills the screen with random characters, 
and then waits for the PA7 line to go to a logic high. The program 
then clears the screen. 

100 POKE 59459, 0:REM DDRA ALL INPUTS 

110 FOR 1=32768 TO 33767 

120 POKE |, 26*(RND(TI))+1 

130 NEXT | 

140 WAIT 59471,128 


150 PRINT CHR$(147);:;REM CLEARS SCREEN 
160 GOTO 110 


Review 


You now should understand how to set up the user port as a 
simple 8-bit input port, and how to test each bit for a logic high 
or a logic low PA input signal. You should also know how to use the 
BASIC WAIT statement to suspend the operation of a BASIC pro- 
gram until a single PA signal is a logic high or a logic low. 


Experiment No. 4 
8-BIT INPUT PORT WITH HANDSHAKE 


Purpose 


Just as was the case with an output port, an interface between the 
PET and another device which uses the user port as an input port 
may require handshake signals. The main difference between an 
input handshake and an output handshake is the fact that the data 
ready or data valid signal must be generated by the external device, 
and the data taken signal must be generated by the PET. The purpose 
of this experiment is to show you how to input data from the user 
port under the control of an external handshake signal. 


Step 1 
Since the CA1 input signal line must always be an input, you 
will use it to sense the data ready or data valid signal from an external 
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device. The CB2 signal, configured for control from a BASIC pro- 
gram, is used as a data taken signal by the PET at the user port. 

When you read the data from the user port while in handshake 
mode, you could read the ORA; however, you would have to clear 
the CAI flag (data ready flag) in the FR by a POKE of the value 
two to the FR. You can use the ORAH at decimal address 59457 
to read the data in the ORA and clear the CA1 flag at the same time. 
You will also have to set up and use the CB2 signal as a data taken 
signal. 

"Write a short BASIC program to input 10 bytes of information 
from the user port. Use the switches on IC5 to generate the input 
data. Use SW9 and CAI to generate the data ready signal. Store each 
input byte, in sequence, in an array. Generate a logic low data taken 
pulse on CB2 for each byte read. We used the following program 
in this step: 


100 POKE 59459, 0:REM DDRA ALL INPUTS 3 
110 POKE 59468, (PEEK (59468) AND NOT 1):REM CAl NEGATIVE C 
115 REM SETS-CB2 FOR OUTPUT (HIGH) 

120 POKE 59468, (PEEK (59468) OR 128 OR 64 OR 32) 


c 
130 N=PEEK (59457):REM CLEAR CAl FLAG B 
140 FOR 1=1 TO 10 

150 WAIT 59469, 2:REM WAIT FOR CAI FLAG SET D 
160 POKE 59468 (PEEK (59468) AND NOT 32):REM CB2 LOW C 
170 A(1)=PEEK (59457):REM READS/CLEARS CAl FLAG A 
18) POKE 59468, (PEEK (59468) OR 32):REM CB2 HIGH Cc 


190 NEXT 1:END 


You will note that this program is quite similar to the program in 
Experiment No. 2, Step 8. Note that when the user port is an output, 
the CAI signal line is used as a data taken signal by the external 
device, and when the user port is an input port, the CA1 signal 
line is used as a data ready or data valid signal by the external device. 
Also, when you use the user port as an output port, the CB2 signal 
line is used as a data valid signal, and when the user port is used as 
an input port, the CB2 line is used as a data taken signal. 

A dummy variable was used in line No. 130 to make sure that 
the CAI flag in the FR was cleared before the data entry loop was 
executed. This makes sure that the program will wait for the first 


depression of switch SW9 to read in the switches, even if the CA1 flag 
had been set at the start of the program. 


Step 2 


The program presented in Step 1 is for example only. The pro- 
gram in Step 1 would only be able to input about 10 bytes per 
second, because of the large amount of work that the BASIC program 
must do. For example, the program must run through REM state- 
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ments, and it must calculate the address of each memory location 
from the ASCII string value in the program statements. 

You can write a program to speed up the input by eliminating 
the REM statements and by not requiring the computer to calculate 
the address of each memory location from an ASCII string in the 
program. To speed up your input programs from BASIC, use the 
following rules: 


1. Assign each PEEK or POKE address to a variable at the start 
of the program. 

2. Use a variable instead of an ASCII string value whenever you 
are in a program loop to input data. 

3. Wait to process the data until after all the data is input. 

4. Combine a number of BASIC statements on a single line. 

5. Eliminate all blanks and spaces in the BASIC statements. 


We used the following program to increase the speed of input from 
the user port to over 30 characters per second. 


100 SC=13:A = 59457:HS = 59468:WL=0:Q= 100:U= 1:B=32:TB=870 
105 HH=236:HL=202:UN=1 

110 POKE HS,(PEEK(HS)ANDNOTI):REM CAl NEGATIVE 
115 REM SETS CB2 FOR OUTPUT HIGH 

120 POKE HS,(PEEK(HS)OR128OR640R32) 

130 S=TI 

140 FORI=UTOQ:WAITWL,U:N = PEEK(A):POKEHS,HL 
150 POKETB + I,N:POKEHS,HH: IFN = SCTHEN170 

160 NEXTI 

170 TT=(Tl —S)/60:PRINT“CHAR/SEC = "I/TT 

200 REM HERE TO PROCESS DATA 


Run the program. Note that the program uses the internal real- 
time clock of the PET computer to time the data transfer. Lines No. 
100 and No. 150 assign the program variables at the start of the 
program so that the program does not have to calculate the variable 
from an ASCII string in the data input loop. Since we wanted to 
time the maximum speed of data input, we set up a false handshake 
at memory location 0, which always indicated that data was ready. 
We also stored the data, in sequence, in the second tape cassette 
buffer, beginning at decimal address 871, so we could process it 
after the data was input. In line No. 150, we also checked to see if 
the data indicated that it was the last character in a sequence (an 
ASCII carriage return in this case). 


Review 

You should now know how to input data from the user port under 
the control of an external handshake signal. You should be able to 
set up the CA1 signal line to act as a data ready signal on either a 
positive or negative transition of the CA1 signal line. You should 
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know how to use the CB2 signal line as a data taken signal. You 
should be able to program the CB2 signal as either a high-true or 
a low-true data taken signal. Finally, you should have an understand- 
ing of the maximum rate at which data can be input at the user port 
for use in a BASIC program. You should be able to test the speed 
of any input program that you write in BASIC, so that you can see 
if it will be fast enough to meet the requirements of your program 
or external device. 


Experiment No. 5 


8-BIT INPUT PORT WITH INPUT LATCHING 
Purpose 
In this experiment you will learn how to use the input latching 
feature of the user port. The input latching feature of the user port 


permits you to capture changing data with an external triggering 
signal. 


Discussion 


The MCS 6522 VIA chip has a feature called input latching. When 
you use input latching, you will set up the input data on the PAO 
to PA7 input lines, and trigger the latch with a transition on the CA1 
input signal line. The data on the PAO to PA7 input lines may 
change, but when you read the ORA, you will read the data that 
was on the PAO to PA7 input lines at the time that the latch was 
triggered. The data in the ORA will not change unless you clear 
the CA1 input flag in the FR. 

You can read the ORA and clear the CA1 flag bit in the FR, or 
you can read the ORAH, and the CA1 flag bit will be cleared auto- 
matically. When input latching is in use, and the CA1 flag is not set, 


the data on the ORA or the ORAH is the same as the external status 
of the PAO to PA7 input lines. 


Step 1 


To enable input latching on the PA input signal lines, the one- 
weight (DO) bit in the auxiliary control register (ACR) of the 
VIA must be set. The ACR is located at decimal address 59467. 
The proper BASIC statement to enable input latching is as follows: 


POKE 59459, 0:POKE 59467, (PEEK (59467) OR 1) 


Execute the statement. Now execute the following statement to clear 
the CA1 flag. 


PRINT PEEK (59457) 
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Set the switches on IC5 so that the PAO to PA7 input lines are all 
logic high. Press SW9 to latch the data into the ORA. Change the 
switches so that the PAO to PA7 signal lines are all at a logic low. 
Execute the following statement: 


PRINT PEEK (59471) 


You have just read the ORA. Can you explain why the value in 
the ORA does not match the present status of the PAO to PA7 input 
signal lines? 

The value in the ORA is the value that was latched in the ORA 
when the switch SW9 was pressed. Press switch SW9 again. What 
is the value in the ORA? Why? 

The value in the ORA did not change because input latching was 
in effect, and the CA1 flag was not cleared to permit a new value 
to be stored in the ORA. 

Print the value in the ORAH to clear the CA1 flag in the FR. 
Press switch SW9 to latch new data in the ORA. 

Check to make sure that the data in the ORA remains stable until 
the CA1 flag is cleared regardless of the change of input signals on 
the PAO to PA7 signal lines. 


Step 2 

What is the data read in the ORA when the CA1 flag is not set? 
Verify your answer with the breadboard, using a short program. 

The data read in the ORA while input latching is enabled, and 
when the CA1 flag is not set, is the data that is on the PAO to PA7 
input signal lines. We used the following program to demonstrate 
the input latching feature. 

100 POKE 59459, 0:REM DDRA ALL INPUTS 

110 POKE 59467, (PEEK (59467) OR 1):REM PA INPUT LATCH 

120 POKE 59469,2:REM CLEAR CA1 FLAG 


130 PRINT PEEK (59471) 
140 GOTO130 


Step 3 

Execute the following statement to disable the latching of the PA 
input signals: 

POKE 59467, (PEEK (59467) AND NOT 1) 


Review 


You should understand how to set up input latching for the PAO 
to PA7 signal lines on the user port. You should understand that the 
data present in the ORA or ORAH is the data present on the PAO 
to PA7 input lines until the CA1 flag is set by the CA1 signal line. 
The data present in the ORA after the CA1 flag is set is the data 
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that was on the PAO to PA7 signal lines when the CA1 flag was set. 
The CAI signal line cannot latch new data into the ORA or ORAH 
until the CA1 flag is cleared by a POKE of the value two to the 
FR, or by reading the ORAH. 


Experiment No. 6 
MIXED INPUTS AND OUTPUTS ON THE USER PORT 


Purpose 


The purpose of this experiment is to set up mixed inputs and 
outputs on the user port PA signal lines. 


Discussion 


You can set up mixed inputs and outputs on the PA signal lines 
of the user port by initializing the DDRA with the proper value. 
The configuration of the input and output lines is entirely your 
choice. If you program in assembly language, there is some ad- 
vantage in having at least two of the input lines on the PA7 and PA6 
input lines, and in having an output line on the PAO line. For 
BASIC programmers, any line can be an input or an output line. 
Usually, for ease in programming, you will want to group the PA 
signals for inputs and outputs together. 

If you use mixed inputs and outputs with input latching enabled, 
you should remember that when the status of the inputs is latched, 
the status of the outputs is also latched. If you change the status 
of the output signals after the latching has occurred, the ORA will 
not contain the new status of the output signals. 


Step 1 


In this experiment, you will configure the PAO-PA3 signals as 
inputs and the PA4—PA7 signals as outputs. Assume that the PAQ— 
PA3 signal lines are to accept binary information from the switches 
on IC5, and the PA4-PA7 output signal lines are to be the binary 
complement of the input signal lines. Be sure that the switches at 
ICS, for bits PA4-PA7 are in the logic one, or open, position before 


you run any program. Write a program to accomplish this task. We 
used the following program: 


100 POKE 59459, 240:REM PAO-PA3 INPUTS PA4-PA7 OUTPUTS 
110 N= (PEEK (59471) AND 15):REM MASKS OFF OUTPUTS 
120 N=N*16:REM MOVES SHIFTS INPUT DATA 4 BITS LEFT 
130 N=NOT N:REM COMPLEMENTS THE DATA 

135 N=N AND 255:REM LIMITS N TO 8-BIT NUMBER 

140 POKE 59471, N 

150 GOTO 110 
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When you work with the logical AND, OR, and NOT functions, 
you are working with 16-bit binary numbers. It was necessary to 
limit the value of N to an 8-bit number in line No. 135. You can 
see that it is possible to logically shift bits in BASIC by multi- 
plying or dividing by powers of two. In this case, we wanted to move 
a binary value four bits to the left, so we multiplied the value by 16, 
or 2 to the fourth power (2+). If you want to move bits to the right, 
you must divide the value to be shifted by the appropriate power 
of two. 


Review 


You should know how to set up the DDRA for groups of input 
and output signals. You should know how to use the logical AND, 
OR, and NOT functions to mask the input data, manipulate the data 
bits, and to limit the output data to 8-bit binary numbers. 


WIRING THE BREADBOARD FOR THE 
SERIAL OUTPUT EXPERIMENTS 


Fig. 3-4 shows the schematic diagram of the breadboard circuit 
for serial output. The circuit is wired on the breadboard in addition 
to the circuits for the logic probe and the circuits for parallel I/O 
experiments. Some of the components of the circuit for the parallel 
I/O experiments will be used for the circuit of the serial output 
experiments. 

Move the 330-ohm resistor array from the 16-pin socket at posi- 
tion AZ to the 16-pin socket at position AW (Fig. 3-5). The resistor 
array in the socket at location AW is called IC13 on the schematic 
in Fig. 3-4. 

Move the LED array from the 16-pin socket at location BZ to 
the 16-pin socket at location BW. Be sure to install the LED array 
so that the cathode of the top LED is in position 1. The LED array 
in the socket at the location BW is called IC14 on the schematic 
in Fig. 3-4. 

Move the two SN74LS04 inverter integrated circuits from the 
14-pin sockets at locations BY and CY to the 14-pin sockets at 
locations CW and DW. The SN74LS04 in the socket at location CW 
is IC15 on the schematic in Fig. 3-4; and the SN74LS04 in the 
socket at location DW is IC16 on the schematic in Fig. 3-4. 

Install a SN74LS164 serial-in parallel-out (SIPO) shift register 
in the 14-pin socket at location CZ. Complete the wiring of the cir- 
cuit, according to Fig. 3-4. The location of the circuit components 
on the breadboard circuit for the serial output experiments is shown 
in Fig. 3-5. 
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Fig. 3-5. Breadboard component location diagram for the serial output experiments. 


GENERAL INFORMATION ABOUT THE 
USER PORT SHIFT REGISTER 


A general-purpose shift register has the capability to move all 
bits in a register either to the left or to the right. The shifting is done 
with a logic pulse known as a clock signal. A shift register may have 
any number of stages or bit locations. Shift register integrated circuits 
of four or eight stages usually have outputs or inputs for each stage, 
which permit either the reading of, or writing to, the bits of each 
of the stages. 

Fig. 3-6 shows a logic representation of a typical serial-in parallel- 
out (SIPO) shift register. You will note that the typical SIPO shift reg- 
ister has a clock, data in, and data enable input. When the data enable 
input is at a logic high, and there is a logic low-to-high transition on 
the clock signal, the data on the data input is transferred into bit 0. 
At the same time, the data in bit 0 goes to bit 1; the data from bit 1 
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PARALLEL OUTPUTS 


3] 4] 5] 6] 10) Ly 12] 23 
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CLOCK a: 


Fig. 3-6. Typical serial-in parallel-out shift register (SN74LS164). 


goes to bit 2, and so on. The data from bit 7 is permanently lost, 
unless there is an additional circuit to save or use the data. If you 
bring the clear control to a logic low, all the bits in the shift register 
will be cleared. 

While some shift registers can shift in both directions, the shift 
register in Fig. 3-6 can shift only in the direction from bit 0 to bit 7. 

The typical SIPO shift register in Fig. 3-6 is the SN74LS164 
shift register, which is used in the serial output experiments. This 
shift register is IC3, installed at location CZ on the breadboard. 

Another type of shift register is the parallel-in serial-out (PISO) 
shift register. Fig. 3-7 shows a typical PISO shift register. The 
PISO shift register has eight parallel data inputs and one serial data 
input. There are two ways to change the data in a PISO shift register. 
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Fig. 3-7. Typical parallel-in serial-out shift register (SN74165). 


1. Change the bits, one at a time, by shifting data into the shift 
register from the serial input. In this manner, the shift register 
operates in exactly the same manner as the SIPO shift register, 
except that there is no output signal for each bit. 

2. Change the bits simultaneously by the load input. When the 
load input goes to a logic low, the data on the parallel inputs 
is transferred into the shift register. 


The typical PISO shift register moves each bit in the direction 
from bit 0 to bit 7 with each low-to-high transition of the shift clock, 
providing that the shift enable input is at a logic low. At the same 
time, the data present at the serial input is moved into bit 0. The 
data in bit 7 prior to the shift is permanently lost unless there is an 
additional circuit to save or use the data. 

There are two serial outputs from the typical PISO shift register, 
one of which reflects the data in bit 7, and the other reflects the com- 
plement of the data in bit 7. 

The typical PISO shift register is used in the experiments with 
serial input. The PISO shift register is a SN74165 integrated circuit, 
and will be installed on the breadboard when the serial input ex- 
periments are performed. 

There is a register in the MCS 6522 VIA chip known as the shift 
register (SR). Fig. 3-8 shows a block diagram of the SR. The shift 
register has eight bits which can be read or changed, in parallel, 
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READIWRITE CONTROL 
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BASIC POKE SR 


SHIFT DIRECTION ———> 
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PROGRAMMABLE 
SHIFT CLOCK 
SOURCE 


SR FLAG 


MODULO 
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Fig. 3-8. Block diagram of the FACS 6522 VIA shift register. 
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from the microprocessor data bus by using a PEEK or POKE state- 
ment. The shift register shifts from the left to the right, so that the 
data at bit 7 is always shifted out of the shift register. There are 
three bits in the auxiliary control register (ACR) which control the 
operation of the shift register. Bit No. 4 of the ACR controls whether 
the shift register shifts data out on the CB2 signal line, or uses CB2 
as an input for data into the shift register. When bit No. 4, the 16- 
weight (D4) bit of the ACR, is set, the data shifted out of the shift 
register goes onto the CB2 signal line, and, at the same time, is 
recirculated back into bit No. 0 of the shift register. 

There is a modulo-8 counter which counts the shift pulses to the 
shift register. Each time that you PEEK or POKE the SR, you clear 
the SR flag in the FR. When eight shifts have been counted by the 
modulo-8 counter, the SR flag in the FR is set. When the SR flag 
is set, it indicates that the shift register has completed shifting one 
8-bit byte of information, either in or out. The setting of the SR flag 
in the FR causes the programmable shift clock source to stop 
sending shift pulses. 

There are some shift register modes which permit the retriggering 
of the modulo-8 counter if you POKE the SR while the SR is in 
the process of shifting. 

One of the most versatile features of the shift register is the pro- 
grammable shift clock source. Fig. 3-9 shows the various sources 
for the shift clock. There are three different sources for the shift clock. 
The four-weight (D2) and eight-weight (D3) bits of the auxiliary 
control register (ACR) control the source of the shift clock. The three 
sources of the shift clock are as follows: 


1. Timer 2 low-order register. 
2. The microprocessor phase-2 clock. 
3. An external signal applied to the CB1 signal line. 


Timer 2 is a 16-bit counter/timer which can be preset to a given 
value. The 16-bit value determines the timeout period of timer 2. 
The timer operates when the 16-bit counter is loaded with a time 
delay value. The counter counts down at the rate of the internal clock 
of the computer, which is one megahertz. This means that the period 
of the timer, in microseconds, is equal to the value stored in the 
countdown counter. 

The shift register clock uses the lower-order eight bits of timer 
2. When the shift register is programmed to shift at a rate determined 
by timer 2, the shift rate is determined by the low-order eight bits 
of the timer. The low-order timer register can hold a value of 0 to 
255. The timer controls the time between transitions of the clock 
signal. Since two transitions per clock cycle are required, a clock 
time delay of 4 to 516 microseconds can be programmed. 
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Fig. 3-9. Programmable shift clock sources of the MCS 6522 VIA shift register. 


The clock source for the SR can also be programmed to be the 
internal phase-two clock signal of the microprocessor. This clock 
signal is divided by two, so the clock rate in this mode is 500 kilo- 
hertz, for a constant period of two microseconds per shift. 

The clock signal for the SR can also come from an external clock 
generating circuit. The maximum frequency of the external clock is 
500 kilohertz. 

When the clock signal is generated from timer 2, or from the 
phase two clock, the clock signal is present on the CB1 signal line 
as an output signal, along with the data, which is present on the CB2 
Signal line. When the clock signal is generated from an external 
source, the CB1 signal line becomes an input for the clock signal. 

Table 3-1 shows all of the eight operating modes of the user port 
shift register, and the proper status of the ACR bits for each mode. 


CAUTION 


The CB1 signal line is used by the PET computer to read tape 
cassette signals. When you enable the shift register, which uses 
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Table 3-1. Programming Modes of the MCS 6522 via Shift Register 


4 [3] 2. 


Comments 


Free-running output at rate of T2C-L 
Shift out under control of T2C-L 

Shift out under control of system clock 
Shift out under control of external clock 


Shift register disabled Tape !/0 enabled 
Shift in under control of T2C-L 

Shift in under control of system clock 

Shift in under contro! of external clock 


the CB1 signal line as an input or an output, you disable the 
PET tape I/O. To restore proper operation of the PET tape 
I/O, execute the following statement: 


POKE 59467, 0 


Experiment No. 7 
SHIFT REGISTER OUTPUT WITH EXTERNAL CLOCK 


Purpose 

The purpose of this experiment is to set up the MCS 6522 VIA 
shift register as an output shift register and to control the shifting 
rate with an external signal. 


Discussion 


You will first control the rate of the shift register with switch 
SW10. Then you will control the rate of the shift register with a 
peripheral A (PA) signal from BASIC. The address of the SR is 
hexadecimal $E84A, or decimal 59466. The address of the auxiliary 
control register (ACR) is hexadecimal $E84B, or decimal 59467. 
The address of the flag register (FR) is hexadecimal $E84D, or 
decimal 59469. 


Step 1 

Refer to the breadboard circuit for parallel I/O, Fig. 3-1. Connect 
the output from IC8, pin 8 to the CB1 signal line at edge connector 
17 on the breadboard. The socket for IC8 is at location DY of the 
breadboard. When you make this connection, you are connecting 
the output of the logic-pulsing circuit to both the CB1 signal line and 
the clock of the SIPO shift register at IC3. 

Connect the 22-position edge connector on the interface cable 
to the breadboard. Connect the 12-position edge connector to the 
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user port connector on the PET, J2. Connect the 5-volt power supply 
to the breadboard. Turn on the PET computer. 


Step 2 

The schematic diagram of the circuit for shift register output 
is shown in Fig. 3-4. Refer to Table 3-1 to set up the shift register 
for output with shifting under control of an external clock pulse. 
What BASIC statement can be used to set up the SR for output 
under control of external clock? 

The proper statement is as follows: 


POKE 59467, (PEEK (59467) OR 16 OR 8 OR 4) 


Execute the statement to set up the shift register. Execute the 
following statement to load the SR with the value of one. 


POKE 59466, 1 


Press switch SW10 exactly eight times. The LED display should 
show the one-weight LED lit. Press the switch SW10 exactly eight 
more times. Can you explain why all the LEDs are on? 

All of the LEDs are on because the CB2 data line was left at a 
logic high after the first set of eight shifts. Since the internal shift 
register completed eight shifts, the SR flag in the FR was set. The 
SR flag prevented any further shifting of the SR, even though shift 
pulses were present on the CB1 clock line during the second set of 
eight shift pulses. The external shift register continued to shift the 
logic high data signal on CB2 into each of the outputs of the SIPO 
shift register IC3. 


Step 3 
Execute the following statement to check the value in the SR. 
PRINT PEEK (59466) 


Why is the value in the SR equal to one? 

The value in the SR is equal to one because, in the output mode, 
the bits shifted out of the SR are shifted back into the SR. Since 
the SR made exactly eight shifts before shifting was inhibited by the 
SR flag in the FR, the data in the SR was the same. 

Press switch SW10 exactly eight times. Can you explain the dis- 
play on the LED array? 

The one-weight LED is on because the SR flag was cleared when 
the PEEK to the SR was made. The clearing of the SR flag in the 
FR enabled the SR to receive eight more shift pulses. 


Step 4 


Write a short program to demonstrate the action of the SR flag in 
the FR. Write the program to accept a number from 0 to 255, store 
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the number in the SR, and then print the status of the SR flag, so that 
you know when to stop pressing SW10 when eight bits have been 
shifted. Any program that works is satisfactory. We used the fol- 
lowing program: 

100 POKE 59467, (PEEK (59467) OR 16 OR 8 OR 4):REM SR MODE 

105 FS$="FLAG SET “” 

110 INPUT”NUMBER”;N 

120 POKE 59466, N 

130 PRINT CHR$(147);:REM CLEARS SCREEN 

140 PRINT CHR$(19);:REM HOMES CURSOR 

150 IF PEEK (59469) AND 4 THEN PRINT FS$:GOTO110 

160 PRINT “FLAG CLEAR’:GOTO 140 


Step 5 

In this step you will investigate the effect of a PEEK or a POKE 
to the SR when the SR is in the process of shifting. Execute the 
following BASIC statements: 


POKE 59467, (PEEK (59467) OR 16 OR 8 OR 4) 
POKE 59466, 128 


Press switch SW10 three times. The LED array should show the 
four-weight LED on, and the one- and two-weight LEDs off. Execute 
the following statement: 


PRINT PEEK (59466) 


The value in the SR should be four. Press switch SW10 exactly five 
more times. The LED array should have only the 128-weight LED 
on. Execute the following statement: 


IF PEEK (59469) AND 4 THEN PRINT “SR FLAG SET” 


What is your observation from this step? 
When the SR is shifting out under the control of an external pulse, 
a PEEK to the SR does not reset the modulo-8 counter. The SR flag 
is set after eight external clocks, regardless of a PEEK to the SR. 
Now execute the following statement to clear the SR flag in the FR. 


POKE 59466, 128 


Press switch SW10 exactly three times. The value in the SR should 
be four at this time. Execute the following statement: 


POKE 59466, 4 


This statement will POKE the SR, but will not change the value in 
it. Now press switch SW10 exactly five more times. Use the proper 
Statement to check the SR flag. Does a POKE to the SR change the 
count in the modulo-8 counter of the SR in this mode? 
Neither a PEEK nor a POKE to the SR will change the count in 
the modulo-8 counter if the SR is being shifted by an external clock. 
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You can, however, change the data being shifted by changing the 
data in the SR while it is shifting. The net effect is that although the 
SR may shift out new data bits, the modulo-8 counter keeps track 
of where it is. 


Step 6 

In this step, you will clock the internal SR and the external SIPO 
shift register at a specified rate. You could set up a variable oscil- 
lator circuit on the breadboard; however, we will use one of the PA 
signal lines to control the clocking rate. In this manner, you will be 
able to control the clocking rate without additional hardware. 

Turn off the PET and remove the 5-volt power from the bread- 
board. Remove the wire between IC8, pin 8, and edge connector 
position 17 of the breadboard. Install a wire between edge connector 
position 4 and edge connector position 17 of the breadboard. This 
wire will connect the PAO signal with the CB1 signal and the clock 
input of the external SIPO shift register. 

Turn on the PET and connect the 5-volt power supply. Write 
a short program to output data from the shift register at an adjustable 
rate of between 0.10 and 5 seconds per shift. 

Remember, you are going to be using the PAO output to clock 
both the internal and external shift registers. Remember to initialize 
the DDRA, and remember that the external SIPO shift register re- 
quires a low to high transition of the clock signal to shift. The follow- 
ing is a program that worked for us. 


100 POKE 59459, 255:REM DDRA ALL OUTPUTS 
105 PA=59471:POKE PA, 1:REM PAO HIGH 
110 POKE 59467, (PEEK (59467) OR 16 OR 8 OR 4):REM SR MODE 
120 INPUT “VALUE”;N 

125 POKE 59466, N 

130 INPUT “SHIFT PERIOD IN SECONDS”;P 
140 TD=P*60:REM JIFFY TIMER 

150 FOR I=1 TO 8:WT=TI+TD 

160 POKE PA, 0:POKE PA, 1:REM CLOCK SR 
170 IF Tl < WT THEN 170 

180 NEXT:GOTO 120 


Review 


You should understand how a SIPO shift register operates, and 
how it is possible to use a SIPO shift register to get parallel data from 
the user port shift register. You should know how and when the SR 
flag in the FR is set; and you should know how to clear it. You should 
know how to set up the SR for output under the control of an external 
clock pulse. When you use an external clock to clock the SR, make 
sure that you do not use more than eight clocks per byte, because the 
internal SR will stop shifting after eight clocks. 
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Experiment No. 8 


SHIFT REGISTER OUTPUT WITH MICROPROCESSOR CLOCK 
AND WITH TIMER 2 


Purpose 

The purpose of this experiment is to set up the VIA shift register 
for output under (1) control of the microprocessor phase-two clock 
and (2) timer 2. 


Step 1 

Turn off the PET computer and remove the 5-volt power from 
the breadboard. Remove the wire that you installed between edge 
connector position 4 and edge connector position 17 of the bread- 
board circuit. This wire was installed in Experiment No. 7, Step 6, 
and connected the output signal PAO with the input signal CB1. In 
this experiment, you will clock the internal SR and the external SIPO 
shift register from an internal clock signal. Since the clock signal is 
internal, the CB1 signal line becomes an output. In this mode, when 
you POKE to the SR during a shifting sequence, you will reset the 
modulo-8 counter. You will find, however, that BASIC is too slow 
to POKE the SR during a shift when the shifting is controlled by the 
phase-two clock. 

Connect the 5-volt power and turn on the PET computer. Refer 
to Table 3-1, and execute the BASIC statement required to set up 
the shift register as an output device, with the clock controlled by the 
phase-two clock signal. The proper statement is as follows: 


POKE 59467, (PEEK (59467) OR 16 OR 8) AND NOT 4 
Step 2 


Execute the following POKE statements, in sequence. Carefully 
examine the LED display as you execute each POKE statement. 


POKE 59466, 128 
POKE 59466, 64 
POKE 59466, 1 

POKE 59466, 16 


Each poke statement should light a single bit in the LED array. 
As you know, each bit was shifted on the display, and then shifted 
back off when a new value was stored in the shift register with the 
POKE statement. Were you able to see the LEDs in the LED array 
flash as the bits were shifted? Why? 

You could not see the bits while they were being shifted because 
the shift rate was too fast. The shift period for each shift was 2 
microseconds, so that the entire sequence of eight shifts per POKE 
statement took only 16 microseconds. Although all the LEDs flashed 
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when the bits were shifted, your eye could not perceive a flash of 
this short a duration. 


Step 3 
Enter and run the following BASIC program: 


100 REM SETUP SR OUTPUT PHASE 2 

110 POKE 59467, (PEEK (59467) OR 16 OR 8) AND NOT 4 
120 SR=59466:FR=59469:N1 = 1:N7=128:N3=4 

130 POKESR,N1:WAITFR,N3:POKESR,N7:WAITFR,N3:GOTO130 


When you run this program, you will see the two LEDs at either 
end of the LED array glow with equal brilliance. This occurs be- 
cause you are alternately illuminating the 128-weight (D7) and 1- 
weight (D0) LEDs in rapid succession. The BASIC statements on 
line 130 are written in a manner so that they can be executed by 
the computer in a minimum amount of time. The WAIT statements 
force the program to wait until the shifting triggered by each POKE 
statement is completed. What would happen if the program were 
permitted to POKE the SR while the SR was busy shifting? 

When the SR is written to, the internal modulo-8 counter is set 
to zero, and the shifting process starts again. The data shifted out 
of the SR would not be correct. If the data was incorrectly shifted out 
of the SR, the wrong LEDs would light. Remove the WAIT state- 
ments, and run the program again. Can you explain the action of the 
display? 

The display still appeared normal, because the completion of 
eight shifts by the SR, which is being clocked at 500 kilohertz in 
this mode, is completed in 16 microseconds. The BASIC interpreter 
requires more than 16 microseconds to execute the next BASIC state- 
ment after a PEEK or POKE to the SR. Therefore, when you pro- 
gram in BASIC, you do not need to check the SR flag in the FR to 
be sure that the shifting is complete, if the SR is clocked by the 
phase-two clock of the microprocessor. 


Step 4 

A timer can be used to clock the SR. The timer is known as 
timer 2 (T2). Timer T2 can be programmed to be either a counter 
or a timer. A timer is, after all, a counter of time. The 32-weight 
(D5) bit of the auxiliary control register (ACR) controls whether 
T2 is a timer or a counter. The hardware configuration of the PET 
computer prevents the use of T2 as a counter, so the PET always 
initializes the ACR with T2 as a timer. 

The T2 timer consists of a 16-bit latch and a 16-bit counter/ 
timer. Since the microprocessor can only handle eight bits of data 
at one time, the 16-bit registers are separated into two sections, low- 
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and high-order latches and low- and high-order counter/timers. The 
timer operates on data that is stored in the low- and high-order 
latches. The data is automatically transferred from the latches to 
the counter/timers when data is stored in the low-order latch. The 
sequence to retrigger the timer is to store timing data in the high order 
latch, and then to store data in the low order latch. The counter/ 
timers then count down to zero. When both low- and high-order 
timers count, as a 16-bit counter, to zero, timeout occurs. The timeout 
of T2 sets a flag in the FR. 

After the timeout occurs, the data in the latches is reloaded into 
the timers, and the countdown process continues. 

When the SR is clocked at a rate determined by T2, the time delay 
between transitions of the shift pulses is dependent on the data 
stored in the low-order counter of T2. When the low order counter/ 
timer, T2C-L, counts down to zero, the shift register clock will 
change state. A shift of the SR requires two transitions of the clock. 

Because of the timing involved in the MCS 6522 VIA chip, the 
actual delay time between shifts of the SR is equal to double the 
value in T2C-L plus 4 microseconds. 

The address of T2C-L is decimal 59464. 


Step 5 


Refer to Table 3-1 to determine the proper BASIC statement to 
program the SR to operate under the control of T2C-L. The proper 
statement is as follows: 


POKE 59467, (PEEK (59467) OR 16 OR 4) AND NOT 8 


Load the low order latch of timer 2 (T2L-L) with 255 to create the 
maximum time delay between shift clocks. Remember that the SR 
clock rate is determined only by the value of the data in the low-order 
counter of timer 2, T2C-L. Storing data in the low-order latch of 
T2, T2L-L will cause a transfer of data from the T2 high-order latch 
to the T2 high-order counter, and from the T2 low-order latch to 
the T2 low-order counter. At this time, we do not care what data is 
transferred into the high-order counter of T2, T2C-H. The proper 
BASIC statement is as follows: 


POKE 59464, 255 


Execute the following POKE statements, in sequence. Carefully 
examine the LED array when you execute each POKE statement. 


POKE 59466, 128 
POKE 59466, 64 
POKE 59466, 1 

POKE 59466, 16 


Each POKE statement will light a single LED in the array. As each 
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bit was shifted onto, and then off the LED array, were you able to 
see the other LEDs in the array flash? Why? 

You could see each bit as it streaked onto, and then off of the 
array, because the shifting of each bit took 516 microseconds. The 
time required for eight shifts of the SR was more than 4 milliseconds. 
In Experiment No. 8, Step 2, you were unable to see the shifting of 
the bits because the shifting of eight bits at microprocessor clock speed 
required only 16 microseconds. In this experiment, the clock was 
slowed down considerably, so that you were able to see the indi- 
vidual bits move on the display. ; 


Step 6 

In this step you will see that the speed of the shifting can be 
slowed to a point where testing of the SR flag in the FR is necessary 
to ensure a complete shifting operation before you POKE new data 
into the SR. Execute the following statements: 


SR=59466:N7 = 128 

POKESR,N7:PRINTPEEK(SR) 

Can you explain what was printed as the value in the shift register? 

When we executed these statements, we found the value of 16 in 
the shift register. What has happened is that the shift register was 
read for the PEEK command after only five shifts. This was possible 
because it takes approximately 2.5 milliseconds for five shifts of the 
SR with a value of 255 in the timer low order counter. 

Run the following program: 

100 SR=59466:N7=128:N1=1 

105 POKE 59467, (PEEK (59467) OR 16 OR 4) AND NOT 8 

110 POKE 59464, 255:REM 516 MICROSECOND CLOCK 

120 POKESR,N7:POKESR,N1:GOTO120 
When you run this program, you see an uneven flashing pattern on the 
LED array. You would expect that the most brightly lit LEDs would 
be the 1-weight and 128-weight LEDs. Is this the case? Why? 

When the program is run, the SR is being reloaded with new 
data before it has finished shifting the old data out. The LED array 
shows the effect of the incorrect data that is being shifted out of the 
SR. To correct the problem, speed up the timer by storing a smaller 
value in the low order latch of timer 2, or use a WAIT 59469, 4 
statement after each POKE to the SR. 


Review 

You should understand how to set the SR up to shift out data, 
either under the control of the microprocessor phase two clock, or 
the low-order counter of timer 2 (T2C-L). You should understand 
how to vary the period of the timeout of timer 2. You should realize 
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that when you use a slow clock to shift the SR, you must check to 
make sure that the SR flag in the FR is set before you POKE new 
data to the SR. 


Experiment No. 9 


PROGRAMMABLE FREE-RUNNING OSCILLATOR 
USING THE SHIFT REGISTER 


Purpose 


The purpose of this experiment is to set up the shift register as a 
free-running shift register under the control of timer 2. 


Discussion 


In this experiment you will see how you can use the SR to pro- 
gram logic signals of varying frequency and duty cycle. You could 
use the free-running SR as a crystal-controlled baud-rate generator 
for an external communications device. A baud rate refers to the 
speed of serial communications, and actually is a measure of the 
maximum number of bit changes that can occur during a given period 
of time. Perhaps the most widely used application for a free-running 
SR in the PET is music. In this experiment we will connect a low-cost 
audio amplifier, such as a telephone amplifier to the CB2 signal line. 


Step 1 


We purchased a low-cost telephone amplifier from Radio Shack, 
which was equipped with a magnetic pickup. We removed and dis- 
carded the magnetic pickup from the cable and connected the re- 
mainder of the cable to the breadboard as shown in Fig. 3-10. 


CONNECT INNER LEAD 
TO CONNECTOR #16 OF 


BREADBOARD (CB2 SIGNAL) 
cupence Fig. 3-10. Connecting an audio amplifier to 
the user port shift register. 


CONNECT BRAIDED SHIELD 
LEAD TO CONNECTOR #22 
OF BREADBOARD (GROUND) 


Connect an audio amplifier to the breadboard as shown in Fig. 3-10. 

When you store a value in the timer 2 low-order counter (T2C-L), 
you are setting a time delay of approximately double that value, in 
microseconds, between shifts of the SR. It is possible to calculate the 


frequency and period of the signal at CB1 by using the following 
formulas: 
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Frequency = 1000000/(2*(C+2)) (in Hertz) 
Period = 2*(C+2) (in microseconds) 


where, 
C is the count in T2C-L. 


The frequency at CB2 depends on the value stored in the shift 
register. There are three sets of bit patterns which will present sym- 
metrical square wave signals at CB2. The bit patterns and their 
decimal equivalents are as follows: 


Decimal 
Bits Equivalents 
00001111 15 
00110011 51 
01010101 85 


Note that the decimal-85 bit pattern will produce four complete 
square waves for every eight shift clocks, so that if the shift register 
contains 85, the CB2 signal will be one-half the frequency of the 
CB1 clock. 

The decimal-51 bit pattern will produce one-fourth of the CB1 
clock frequency; and the decimal-15 bit pattern will produce signal 
one-eighth the frequency of the CB1 clock. You can calculate a 
desired CB2 signal frequency (within range) by multiplying the 
desired frequency by two, four, or eight (depending on the bit 
pattern in the shift register). This frequency is the desired CB1 or 
clock frequency, which can be adjusted by the value of T2C-L. 

Refer to Table 3-1 to determine the proper BASIC statement to 
set up the shift register for free-running output, under the control of 
timer 2. The proper BASIC statement is as follows: 


POKE 59467, (PEEK (59467) OR 16) AND NOT 8 AND NOT 4 


Load the timer 2 low-order counter with a POKE 59464, 255 state- 
ment. Experiment with the values in the T2C-L and the SR on your 
own to generate several different frequencies. 


Step 2 


The following program calculates and displays the proper values 
for the SR and T2C-L registers for different frequencies. The pro- 
gram also initializes the ACR, and sets up the SR and T2C-L registers 
to produce the frequencies. 


20 SR=59466:AC = 59467:12 = 59464 

30 POKE AC, 16 AND NOT 8 AND NOT 4 

100 INPUT “FREQUENCY” ;F 

110 IF F>125000 OR F<243 THEN2000 

120 IF F>968 THEN F=F*2:SR% =85:GOTO1000 
130 IF F>485 THEN F=F*4:SR% =51GOTO1000 
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140 F=F*8:SR% =15 

1000 PU=(1/(F*2))*1E6:12% =PU—2 

1010 PRINT“SR=";SR%,"T2="12% 

1020 POKE SR, SR%:POKE 12, 12%:GOTO 100 

2000 PRINT “OUT OF RANGE”:GOTO 100 
Run the program and check the change in frequencies with the audio 
amplifier. We found that our audio amplifier was unable to operate 
above 15 kHz and that the input to the audio amplifier loaded down 
the CB2 data line above 39 kHz. Table 3-2 shows the frequencies 
of some musical notes that you can play through the audio amplifier. 


Review. 
You should know how to set up the shift register as a free-running 


oscillator, and how to control the frequency of the oscillator. 
‘WIRING THE BREADBOARD FOR SHIFT REGISTER INPUT 


Refer to Fig. 3-11 for the details of the serial input shift register 
circuit. The circuit for serial input is constructed on the breadboard 
in addition to the other circuits on the breadboard. 


Table 3-2. Approximate Frequencies of Musical Tones 
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Fig. 3-11. Schematic diagram of the breadboard circuit for the serial 
input experiments. 


The 2200-ohm resistor array, IC4, is constructed from eight 2200- 
ohm, %-watt resistors installed on a 16-pin dip header. Alternatively, 
you could use a commercial resistor array of the same value and 
configuration. Install the resistor array, IC4, in the 16-pin socket 
located at position DZ on the breadboard. 

Install an SN74165 PISO shift register, IC9, in the 16-pin socket 
at location AX on the breadboard. The 8-position dip switch, IC17, 
is installed in the 16-pin socket at location AV on the breadboard. 
The SN7473 JK flip-flop integrated circuit, IC18, is installed in the 
14-pin socket at location BV on the breadboard. 
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Move the two SN74LS04 hex inverter integrated circuits, IC15 
and IC16, from the 14-pin sockets at CW and DW to the 14-pin 
sockets at BY and CY. The SN74LS04 at position BY is IC6; and 
the 74LS04 at position CY is IC7. 

Move the 330-ohm resistor array, IC13, from position AW to 
position AZ on the breadboard. The resistor -array in position AZ 
is IC1. Move the LED array, IC14, from position BW to position 
BZ on the breadboard. The LED array in position BZ is IC2. You 
will use the circuit for parallel output along with the circuit for 
serial input. 

Remove and set aside the SN74LS164 SIPO shift register, IC3, 
from position CZ on the breadboard. 

Wire the circuit according to the schematic diagram in Fig. 3-11. 
The location of the circuit components on the breadboard circuit 
for the shift register (serial) input is shown in Fig. 3-12. 
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Fig. 3-12. Breadboard component location diagram for the serial input experiments. 
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Experiment No. 10 
SHIFT REGISTER INPUT 


Purpose 


The purpose of this experiment is to enable you to set up the SR 
for input under control of the microprocessor clock. The SR can 
be programmed for input under the control of an external clock or 
under control of T2C-L. 

We have not been successful in implementing reliable shift register 
input under control of an external clock or under the control of 
T2C-L while programming in BASIC. 


Discussion 


Refer to the breadboard circuit for serial input, Fig. 3-11. The 
SN74165 PISO shift register accepts data from the switches of IC17 
when the load input goes to a logic low. The load input is connected 
to the PAO signal line. 

The JK flip-flop, IC18, is used to add an extra stage to the PISO 
shift register. The extra stage is required because the internal SR 
in the 6522 VIA chip requires that the CB2 data remains stable for 
one microprocessor clock cycle after the shift clock. The extra stage 
enables the CB2 data to remain stable for one full shift clock cvcle. 
The inverters, IC7-C and IC7-D, provide the extra drive necessary to 
run two TTL loads from the CB1 signal line and provide the in- 
verted clock signal that the JK flip-flop, IC18, requires. 


Step 1 

If you have not already done so, remove the SN74LS164 inte- 
grated circuit, IC3, from the 14-pin socket at CZ. Also, move the 
two SN74LS04 integrated circuits, IC15 and IC16, from the 14-pin 
sockets at locations CW and DW, and install them in the 14-pin 
sockets at locations BY and CY. Check to make sure that the LED 
array is installed at location BW, and that the cathode of the top 
LED is at the No. 1 pin location. Check to make sure that the 330- 
ohm resistor array is installed at location AZ. 


Step 2 

In this step, you will load the PISO shift register with a logic 
low signal from the PAO signal line, and you will clock the shift 
register with the system clock. 

Refer to Table 3-1. What is the proper BASIC statement to pro- 
gram the SR for shifting under control of the system clock? The 
proper BASIC statement is as follows: 


POKE 59467, (PEEK (59467) OR 8) AND NOT 4 AND NOT 16 


Write a short BASIC program to load the external PISO shift 
register with a logic low pulse from PAO, and clock the data from 
the PISO shift register into the SR. Remember that when you PEEK 
the SR, you will start the shifting process. After you PEEK the 
SR, you will have to PEEK it again to get the shifted data, which 
will shift the SR again. Remember that the PISO shift register needs 
a logic low-to-high transition on the PAO line to load. 

We wrote the following program: 


100 POKE 59459, 255:REM SETUP DDRA FOR OUTPUTS 

110 POKE 59471, 1:REM MAKES PAO HIGH 

120 POKE 59467, (PEEK (59467) OR 8) AND NOT 4 AND NOT 16 
135 POKE 59471, 0:POKE 59471, 1:REM LOAD PISO SR 

140 N=PEEK (59466):REM STARTS SHIFTING 

145 N=PEEK (59466):REM GETS ACTUAL SHIFTED DATA 

150 PRINT“DATA=";N 

160 PRINT’CHANGE DATA—PRESS ANY KEY” 

170 FOR I=1 TO 10:GET C$:NEXT I:REM DUMPS KEY NOISE 
180 GET C$:IF C$="’THEN180 

190 GOTO135 


Review 


You should understand how to set up the SR to input data under 
the control of the phase-two microprocessor clock. You should under- 
stand that one PEEK of the SR is required to start the shifting process, 
and a subsequent PEEK is required to obtain the shifted data. © 


ADVANCED INTERFACING TOPICS 


The experiments in this chapter were generally limited to inputs 
and outputs of eight bits or signal lines. If you need additional input 
or output signal lines, there are techniques to use to expand the 
I/O capabilities of the user port. 


EXPANDING THE AVAILABLE INPUT AND OUTPUT LINES 


There are several techniques that can be used to expand the number 
of input and output signal lines. 


Multiple Addressed Latches 


Fig. 3-13 shows a block diagram of how the available number 
of output lines at the user port can be expanded from 9 signal 
lines to 32 lines. Note that the binary value of the PAO-PA2 output 
lines selects the quad latch to update, and that the PA4—PA7 lines 
carry the actual data for the latches. The output data changes take 
place when the CB2 signal goes from a logic low to a logic high. 

One disadvantage to this technique is that it is not possible to 
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eo 74LS138 


Fig. 3-13. Output signal expansion with addressed quad latches. 
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read the output data on the quad latches. If it is necessary to know the 
output status of the quad-latch signals, you must maintain a table 
in memory. 

The following is a sample program with a subroutine to output 
data to the quad latches. 


100 REM INITIALIZATION 

110 POKE 59459,255:REM PAO-PA7 OUTPUTS 

115 REM SETUP CB2 FOR OUTPUT HIGH 

120 POKE 59468, (PEEK(59468) OR 128 OR 64 OR 32) 
130 D=0:REM CLEARS ALL LATCHES 

140 FOR L=0 TO 7:GOSUB 1000:NEXT L 

200 REM MAINLINE PROGRAM 

210 INPUT “LATCH";L 

220 IF L<O OR L>7 THEN 210 

225 REM 

230 INPUT “DATA (0-15)’’;D 

240 IF D<O OR D>15 THEN 230 

250 GOSUB 1000:GOTO 200 

1000 D(L)=D:REM RECORDS OUTPUT DATA 

1005 D=D*16+L:REM FORMS OUTPUT WORD 

1010 POKE 59471,D 

1020 POKE 59468, (PEEK(59468) AND NOT 32):REM CLOCK 
1030 POKE 59468, (PEEK(59468) OR 32) 

1040 RETURN 


Input Multiplexers 


When there is a need to input a number of signals, it is sometimes 
advantageous to use an input multiplexer. Fig. 3-14 shows how to 
increase the number of input signal lines. This circuit provides for 32 
separate input signals. We used the CMOS CD4051B multiplexers in- 
stead of SN74LS151 multiplexers because the PAO to PA2 lines can 
easily drive the address inputs of the CMOS devices without addi- 
tional buffering. 

The BASIC program to use the input multiplexers is as follows: 


100 POKE 59459, 31:REM PAQ-PA4 OUTPUTS 
110 INPUT“DATA CHANNEL”;C 

120 IF C<O OR C>31 THEN110 

130 POKE 59471, C:REM SELECTS SWITCHES 
140 D=0:IF PEEK(59471) AND 128 THEN D=1 
150 PRINT “DATA AT CHANNEL “;C;"="D 
160 GOTO 110 


Since this input technique permits the input of a single signal at a 


time, it is best used for input status signals of outside world devices, 
rather than for the transfer of data. 


Cascading Serial Inputs and Outputs 


It is theoretically possible to cascade as many additional PISO 


or SIPO shift registers as necessary to obtain the required number 
of inputs or outputs. 
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Fig. 3-14. Input signal expansion with input multiplexing. 
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Fig. 3-15. Input signal expansion with cascaded PISO shift registers. 


This method of expanding input and output lines is most effective 
for use with input signals. Fig. 3-15 shows a circuit for serial input 
of 32 signal lines, which could easily be expanded. 

The following BASIC program could be used to drive the circuit 


of Fig. 3-15 to input 4 data bytes. 


100 POKE 59459, 1:REM PAO OUTPUT 

120 POKE 59471, (PEEK(59471) AND NOT 1):REM PAO LOW 
125 REM SET UP SR FOR INPUT AT PHASE TWO CLOCK 
130 POKE 59467, (PEEK(59467) OR 8) AND NOT 4 AND NOT 16 
135 SR=59466 

140 REM MAINLINE PROGRAM 

150 GOSUB 1000:REM SUBROUTINE READS INPUT DATA 
160 FOR !=0 TO 3 

170 PRINT“DATA AT INPUT #”;1;IS”;D(I) 

180 NEXT | 

190 STOP 

1090 D=PEEK (SR):REM STARTS SHIFTING 

1010 FOR 1=0 TO 3 

1020 D(I)= PEEK(SR):REM GETS DATA 

1030 NEXT | 

1040 RETURN 


A similar technique could be used for data outputs. SIPO shift 
registers can be cascaded to form additional outputs. Fig. 3-16 shows 
the schematic diagram of such a circuit. A disadvantage of this cir- 
cuit is that the outputs of the SIPO shift registers will change state 
during the time that the data is being shifted. For some applications, 
such as LED indicators or LED displays, this may not be a problem. 

If the shift register ripple is not a problem, then the four hex data 
latches are not required. The hex data latches keep the output data 
stable while the shift registers are shifting. The following BASIC 
program will drive the circuit of Fig. 3-16, and control the output 
of three 8-bit bytes. 


100 REM INITIALIZATION 

105 REM INITIALIZE SR FOR OUTPUT AT PHASE 2 RATE 

110 POKE 59467, (PEEK(59467) OR 16 OR 8) AND NOT 4 
115 SR=59466 

120 POKE 59459, 1:REM PAO OUTPUT 

125 POKE 59471, PEEK(59471) AND NOT 1:REM PAO LOW 
130 FOR 1=0O TO 2:D(I)=0:NEXT | 

140 GOSUB 1000:REM SUBROUTINE TO UPDATE OUTPUTS 
150 REM MAINLINE PROGRAM 

160 INPUT’PORT TO UPDATE (0-2)";P 

170 IF P<O OR P>2 THEN 160 

180 INPUT’NEW DATA (0-255)";D 

190 IF D<O OR D>255 THEN 180 

200 D(P)=D:GOSUB 1000:GOTO 150 

1000 FOR I=0 TO 2 

1010 POKE SR,D(I) 

1020 NEXT |} 
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Fig. 3-16. Output signal expansion with cascaded SIPO shift registers. 


1025 REM CLOCKS HEX LATCHES 

1030 POKE 59471, (PEEK(59471) OR 1) 

1040 POKE 59471, (PEEK(59471) AND NOT 1) 
1050 RETURN 


Using the Cassette-Write Line as an Extra Output 

The cassette-write line is available on the user port connector posi- 
tion 7. The PET initializes the cassette-write line as an output. As 
long as you do not use either tape cassette to write a tape, you can 
use the cassette-write line as an extra output signal line. Use the 
following BASIC statement to make the cassette-write line go to a 
logic high. 


10 POKE 59456,(PEEK(59456) OR 8) 


Use the following BASIC statement to make the cassette-write line 
go to a logic low. 


10 POKE 59456,(PEEK(59456) AND NOT 8) 


Using the IEEE SRQ Line as a Transition Sensitive Input 

The IEEE-488 SRO line is available on the user port connector 
position 3. The SRQ signal is also available on the PET IEEE con- 
nector position 10. 

The SRQ line is a transition sensitive input that sets a flag. The 
operation of the SRQ input is similar to the operation of the CA1 
input and CA1 flag, which is described in detail in Experiment 2, 
in this chapter. The SRQ input is actually the CB1 input of a 6520 
PIA integrated circuit known as a peripheral interface adapter. 

The PET computer initializes the active transition of the SRQ 
input as a negative transition. You may program the SRQ input to 
be active on the positive transition with the following BASIC state- 
ment. 


100 POKE 59427, (PEEK(59427) OR 2 


The flag, which is set by the active transition of the SRQ signal is 
the 128-weight (D7) bit of memory location 59426. The following 
statement tests the flag for the SRQ signal. 

120 IF PEEK(59427) AND 128 THEN PRINT “SRQ FLAG SET” 


The flag set by the active transition of the SRO signal must be cleared 
before another active transition of the SRQ signal can be detected. 
You can clear the SRQ flag with the following BASIC statement. 


140 N=PEEK(59426) 


where, 
N is an unused or dummy variable. 


85 


Using the #2 Cassette-Read Line as an Extra Input 


If you do not use the second cassette, you may use the second 
cassette-read line as an extra input signal line. The cassette #2 read 
line is available on user port connector position 8, and is a transition 
sensitive input signal that sets a flag at a memory location. It is 
actually the CB1 input to the MCS 6522 VIA integrated circuit, 
and is similar in operation to the CA1 input signal line described 
in Experiment 2 in this chapter. 

The PET initializes the cassette #2 read (C2R) line to a negative 
active transition. To change the C2R line to a positive active transi- 
tion, use the following BASIC statement. 


100 POKE 59468,(PEEK(59468) OR 16) 


To check for an active transition of the C2R line, use the following 
BASIC statement, which tests the status of the CB1 flag in the FR. 


200 IF PEEK(595469) AND 16 THEN PRINT’C2R/CB1 FLAG SET’ 


To clear the C2R/CB1 flag in the SR, use the following BASIC 
statement. 


210 N=PEEK(59456) 


where, 
N is an unused or dummy variable. 


Using the IEEE DIO Lines as 8-Bit Input or Output Lines 


If you do not use the IEEE 488 port for IEEE I/O, you can 
more than double the number of input and output lines available 
for your interfacing requirements. The IEEE bidirectional input/ 
output data lines are available on the IEEE port connector according 
to Table 3-3. 

Since the signals are bidirectional, they have one memory location 
where they can be PEEKed, and another memory location where 
they can be POKEd. The operating system of the PET automatically 
initializes the data direction registers for the IEEE bidirectional 
data lines. 

Normally, you would use an IEEE data line for either input or 
output. When a data line is being used for input, the output bit for 
that line must be set to one. For example, if the DIO-8 line is 
used as an input, the 128-weight (D7) bit of the output memory 
location, decimal 59426, should be set. This is because a logic 
low data output signal will prevail over a logic high input signal on 
a bidirectional data bus. 

To read the logic-high or logic-low status of the IEEE data 
lines, use the following BASIC statement. 
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Table 3-3. Memory and Connector Locations for PET IEEE Signals 


PET Jl IEEE Signal 
Connector Mnemonic Memory Location and Bit 


1 59424 Bit 0 59426 Bit 0 
2 59424 Bit 1 59426 Bit 1 
3 59424 Bit 2 59426 Bit 2 
4 59424 Bit 3 59426 Bit 3 
5 59408 Bit 8 59409 Bit 3 
6 59456 Bit 7 59427 Bit 3 
7 59456 Bit 6 59456 Bit 1 
8 59456 Bit 0 59425 Bit 3 
9 (reset) (reset) 
*59426 Bit 7 None 
*59425 Bit 7 59456 Bit 2 


(ground) (ground) 


A 59424 Bit 4 59426 Bit 4 
B 59424 Bit 5 59426 Bit 5 
C 59424 Bit 6 59426 Bit 6 
D 59424 Bit 7 59426 Bit 7 
E (ground) (ground) 
F (ground) (ground) 
H (ground) (ground) 
J (ground) (ground) 
K (ground) (ground) 
L (ground) (ground) 
M (ground) (ground) 
N (ground) (ground) 


Note: Connections 1-12 are upper pins; A-N are lower pins. 
*Tronsition sensitive inputs that set flogs. 


N= PEEK(59424) 


To change the status of the IEEE data lines, use the following 
BASIC statement. 


POKE 59426, (PEEK(59426) OR B) 
or 


POKE 59426, (PEEK(59426) AND NOT B) 


where, 


B is the binary weight of the IEEE data signal to be made high 
or low. 


The IEEE data lines have a high current sink capability, on the 
order of 48 mA per signal line. This means that when an IEEE signal 
line is in a logic low state, it can conduct 48 mA. The IEEE signal 
lines have almost no drive, or current source capability in the logic 
high state. If your interface circuit requires a logic high signal with 
current sourcing capability, use an intermediate logic stage such as 


87 


two SN7404 inverters, connected in series to generate the necessary 
current drive. 


DIGITAL-TO-ANALOG CONVERSION 


General Information 


The digital world is essentially a two-state world, where a switch 
is either on or off, a voltage is either high or low, a bit is either set 
or cleared, and so on. In the real world, there are many nondigital, 
or analog, signals to measure. Examples of analog signals could be a 
voltage or current that is proportional to a temperature, a voltage 
that is proportional to an amount of light striking a photocell, or a 
voltage used by a chart recorder as a signal to move a pen a cer- 
tain distance. 

In some cases, analog signals are used as inputs to a computer, 
and in other cases, analog signals are created by a computer as an 
output signal. Since a digital computer can handle only digital in- 
formation, and can directly control only digital signals, conversion 
from a digital signal to analog signal, or conversion from an analog 
signal to a digital signal is a requirement for interfacing a computer 
to analog signals. A digital-to-analog converter (DAC) is used to 
convert digital information to an analog voltage or current. 

An analog-to-digital converter (ADC) is used to convert an 
analog signal to digital information. Basic information about A-to-D 
and D-to-A converters and interfacing techniques are presented in 
this chapter. For more information about converters, we recommend 
that you obtain Microcomputer-Analog Converter Software and 
Hardware Interfacing or IC Converter Cookbook (Howard W. Sams 
& Co., Inc., Indianapolis, IN 46268). ; 

Fig. 3-17 shows a block diagram of a typical 8-bit digital to analog 
converter, the AD559, manufactured by Analog Devices, Inc., P.O. 
Box 280, Norwood, MA 02062. On the AD559, there are eight 
digital inputs, which correspond to the eight bits of digital infor- 
mation to be converted. Note that bit 1 is the most-significant bit 
(MSB), and that bit 8 is the least-significant bit (LSB) of the digital 
word. This unfortunate numbering convention is directly opposite 
from that of digital devices, but the practice is industry-wide. 

The ADS59 has two power supply inputs, Vcc at +5 volts, and 
VEE at —12 to —15 volts, as well as a ground connection. The 
ADS559 is known as a multiplying DAC, which simply means that 
the magnitude of the output current is proportional to the input 
current times the digital word divided by 256. For example, if the 
input reference current is 2.000 mA, and the binary digital word 
1s 10000000, or hexadecimal 80, the current output is 2.000 x 128/ 
256, or 1.000 mA. The actual current flows into the DAC device, 


Vecl+5V.@ 7mA) BIT1(MSB) BIT3 BIT 5 BIT 7 
BIT 2 
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SWITCHES & LEVEL-SHIFTERS 
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CONTROL AMP 


NPN CONTROLLED 
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Vee(—12V TO —15V @ —12 mA) 
Fig. 3-17. Block diagram AD559 digital-to-analog converter. 


Courtesy Analog Devices, Inc. 


so the current is —1.000 mA. For an analog voltage output, it is 
necessary to convert the output current to a voltage with a current-to- 
voltage amplifier circuit. 

Fig. 3-18 shows a basic digital-to-analog converter circuit capable 
of from 0 to 10 volts full scale. The 2.5-volt voltage reference is 
trimmed with approximately 1250 ohms to provide a reference cur- 
rent of 2.000 mA. The operational amplifier in Fig. 3-18 converts 
the 0 to —2 mA output of the DAC to a voltage of 0 to +10 volts. 
The gain-adjusting (full-scale trim) potentiometer in Fig. 3-18 is 
used to adjust the voltage output from the operational amplifier to 
9.96 volts when the digital word is 11111111 or decimal 255. The 
9.96-volt value is obtained as follows: . 


10 volts X 255/256 = 9.96 volts. 


The full-scale adjustment compensates for slight differences in the 
reference power supplies and the feedback resistor for the operational 


amplifier. 
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Courtesy Analog Devices, Inc. 
Fig. 3-18. BASIC digital-to-analog converter circuit. 


Single-Channel Digital-to-Analog Conversion. 


Fig. 3-19 shows the schematic diagram of a low cost digital-to- 
analog converter circuit that you can construct for use on the user 
port of the PET. The DAC in the circuit of Fig. 3-19 can be any 
one of the following: 


DAC0808 
AD559 
MC1408/1508 


The DACs mentioned above are pin-for-pin equivalent circuits with 
the exception of the AD559, which does not require the compensation 
capacitor between pins 3 and 16. A +15-volt and —15-volt power 
supply is also required, in addition to the +5-volt power supply for 
use with the breadboard circuit. 

To calibrate your circuit, simply POKE the value of 255 to the 
PA output port, and adjust the full-scale trim resistor so that your 
digital voltmeter reads 9.96 volts. Alternatively, at some slight sacri- 
fice in accuracy, you can set the full-scale trim resistor for 5.00 volts 
on the 6-volt scale of an analog voltmeter with a value of 128 on 
the PA output port. 

As an experiment, you should be able to predict the actual voltage 
output from the DAC for any digital word. Since the full-scale output 
voltage is 9.96 volts, the incremental voltage for each bit of the 
digital word applied to the DAC is 9.96/255 volts, or 39.1 millivolts. 


l OlpF + 
0.1 uF T lok 


AD559/DACO808/MC 1408/1508 


Ree 


PAS 


Fig. 3-19. Circuit diagram for single channel digital-to-analog converter. 


The incremental voltage is referred to as 1LSB, and is the term for 
specifying the accuracy and linearity of a given device. We wrote 
the following program to test the accuracy of our DAC. 


100 POKE59459,255:REM DDRA ALL OUTPUTS 

110 POKE59471,255 

120 PRINT”“SET THE OUTPUT VOLTAGE TO 9.96 VOLTS” 

130 PRINT’WITH THE TRIMPOT” 

140 PRINT“PRESS ANY KEY WHEN READY” 

150 GET C$:IFC$=""THEN150 

200 INPUT “ENTER THE DESIRED OUTPUT VOLTAGE (0-9.96)";V 
210 IF V<O OR V>9.96 THEN 200 

220 D=INT((V/.0391)+.5) 

230 POKE59471,D:PRINT:GOTO200 


Our observed voltages did not vary from the calculated voltages by 
more than 0.02 volt. Since 1LSB is equivalent to 0.0391 volt, our 
DAC device was accurate and linear within % LSB, as claimed by 
the manufacturer. 


Interfacing the PET to a Graphic Plotter 


A graphic plotter is a good application for digital-to-analog con- 
version. A graphic plotter typically requires three signals, an analog 


91 


voltage for the X-axis, Y-axis, and a digital pen-lift signal. The 
schematic diagram of Fig. 3-20 shows how you can interface the 
user port of the PET computer to a graphic plotter. 

The circuit of Fig. 3-20 is designed to operate in BASIC, where 
the digital words for X and Y cannot be updated simultaneously. The 
shift register is updated at one time, and the PA port is updated at a 
different time. The PB3 signal is used to transfer the data to the 
DACs at the same time. The use of the shift register for one digital 
word, and the PA signals for the other port, and the use of some of 
the signal expansion techniques presented in this chapter permit the 
use of dual-channel 8-bit digital-to-analog conversion from the signals 
available at the user port. The signal to clock the four SN74175 
quad-latches is the tape-write (PB3) signal on the user port connector 
position 7. The pen-lift signal for pen control can be obtained from 
one of the IEEE DIO signal lines of the IEEE port. 

The following BASIC program is a program that we used to test 
the operation of the two DAC converters. 


10 REM 1/0 INITIALIZATION 
20 PA=59471:SR=59466:PB=59456:ID = 59426:CC= 59409 
30 B2=4:B7= 128:B3=8:DD=143:D0=1 

40 GOSUB 3000:REM PEN LIFT HIGH 

69 REM SET UP SR OUTPUT FOR PHASE-2 CLOCK 

70 POKE59467,(PEEK(59467)OR16OR8)ANDNOT4) 

80 POKE59459,255:REM DDRA ALL OUTPUTS 

1000 REM GETS X AND Y DATA FOR DAC OUTPUT 
1010 INPUT“INPUT X DATA (0-255)";X 

1020 IF X<0 OR X>255 THEN 1010 

1030 INPUT"INPUT Y DATA (0-255)";Y 

1040 IF Y<O OR Y>255 THEN 1030 

1050 GOSUB 2000 

1060 PRINT:GOTO1000 

2000 REM OUTPUTS X AND Y TO DAC LATCHES AND CLOCKS LATCHES 
2010 POKESR,Y:POKEPA,X:POKEPB,(PEEK(PB)ANDNOTB3) 
2020 POKEPB,PEEK(PB)ORB3 

2030 IF PF=0 THEN GOSUB 3000:PF=1:REM SETS PEN 
3000 REM PEN-LIFT SIGNAL HIGH (IEEE DI0-1) 

3010 POKEID,(PEEK(ID) OR DO):RETURN 

3100 REM PEN-LIFT SIGNAL LOW (IEEE DI0-1) 

3101 POKEID,PEEK(ID) OR DO):RETURN 


Refer to Chapter 7 for additional software techniques to use with 
graphic plotters. 


AN ANALOG-TO-DIGITAL CONVERTER FOR THE USER PORT 


Fig. 3-21 shows a block diagram of the National Semiconductor 
ADC0816 A/D Converter, which features both successive-approxi- 
mation and 16-channel analog input selection. In the successive-ap- 
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proximation D/A converters, a successive-approximation register 
(SAR) is used to generate the digital word. 

The SAR is a special type of shift register, that can shift bits as 
well as set or clear bits during the shifting process. The control logic 
of the SAR is designed to test all possible combinations of the digital 
input word during a sequence of eight shifts for an 8-bit converter. 

The length of time for a conversion is on the order of 100 micro- 
seconds when the input clock is 640 kilohertz. This means that 
several thousand separate conversions could be performed every 
second. 

The ADC0816 A/D converter has three-state output data lines, 
as well as an input signal analog multiplexer. The analog multiplexer 
permits the circuitry of the A/D converter to be used for 16 different 
analog signals. The analog input channel that is selected is latched 
into the analog input address decoder, which causes the addressed 
input to be connected to the common signal line. The common signal 
line is usually connected to the comparator input; however, an addi- 
tional input conditioning circuit, such as a circuit to scale the input 
voltage, could be used between the common output and the compara- 
tor input. 

The address latch has an expansion control input, so that, if 
necessary, additional multiplexed signals could be input to the 
ADC0816 D/A converter. The input signal for the three-state output 
enable requires a logic high to place the digital data on the data lines; 
otherwise, the lines act as though they are not connected, or high 
impedance. 

To select an analog signal for conversion, it is necessary to place 
the four-bit address of the analog input on the address input lines. 
The address is latched when the address latch enable signal goes 
from a logic low to a logic high. If the expansion signal is a logic high, 
the selected analog signal is switched to the common line. The com- 
mon line is connected to the input of the comparator. 

The A/D conversion process is started when the start input goes 
from a logic high to a logic low. The ADCO0816 signals the end of 
the conversion process with a logic low-to-high transition of the end 
of conversion output line. 

Fig. 3-22 shows how to connect the ADC0816 A/D converter to 
the user port of the PET computer. The circuit uses the PA signals 
as both inputs and outputs. When the PET sets up the analog input 
addresses, the PA signals are outputs. When the PET reads the 
digital information from the A/D converter, the PA signals are in- 
puts. There is no conflict in the lower-order four bits when the PET 
sets up the address for the analog signal to be converted because 
the output from the lower-order four bits of the A/D converter is 
disabled with a logic low signal on the three-state output enable line. 
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Fig. 3-22. Circuit diagram for 16-channel 8-bit analog-to-digital converter. 


The clock is provided by a simple RC oscillator circuit and two 
CMOS inverters. The clock frequency is approximately 740 kilohertz. 

The circuit of Fig. 3-22 provides 16 channels of high-speed A/D 
conversion, where the analog input signals vary between 0 to +5 
volts. The end-of-conversion signal is present at the CA1 input line; 
however, it is not necessary to check the end of conversion signal 
when you program in BASIC. This is because the A/D conversion 
occurs faster than the BASIC interpreter can interpret the next in- 
struction. If you program in assembly language, you will need to 
check the end-of-conversion flag before reading the converted data. 

We used the following BASIC program to input digital information 
proportional to the voltage on the center tap of potentiometer R8. 


100 REM INITIALIZE 1/0 

110 PB=59456:PA = 59471:DA=59459:CR = 59468:PC = 59468 

115 BZ=255:B5=32:Z =0:B3=8 

117 POKECR,PEEK(CR) OR128 OR64):REM CB2 ENABLE 

120 POKECR,(PEEK(CR)ANDNOTBS5):REM CB2 LOW (ADC OUT DISABLE) 
130 POKEPB,(PEEK(PB)ANDNOTB3):REM PB3 LOW (DISABLE ADR LATCH) 
141 POKEDA,BZ:REM DDRA ALL OUTPUTS 

1000 REM MAINLINE PROGRAM 

1010 INPUT“ANALOG CHANNEL (0-15)";C 

1020 IF C<O0 OR C>15 THEN 1010 

1030 GOSUB 2000 

1040 PRINT’A/D COUNTS =";N 

1050 PRINT’INPUT VOLTAGE ="N*5/256 

1060 PRINT:GOTO1010 

2000 REM A/D SUBROUTINE**C=CHANNEL(O-15) 

2001 REM RETURNS WITH D=A/D COUNTS 

2010 POKEPA,C:REM ANALOG INPUT ADDRESS TO ADC 

2020 POKEPB,(PEEK(PB)ORB3):REM LATCHES ADDRESS 

2030 POKEPB,(PEEK(PB)ANDNOTB3):REM STARTS CONVERSION 
2040 POKEDA,Z:REM DDRA ALL INPUTS 

2050 POKEPC,(PEEK(PC)ORB5):REM ENABLES ADC OUTPUT 

2060 D=PEEK(PA):REM GETS A/D COUNTS 

2070 POKEPC,(PEEK(PC)ANDNOTBS):REM TRISTATES ADC OUTPUT 
2080 POKEDA,BZ:REM DDRA ALL OUTPUTS 

2090 RETURN 


The program to drive the ADC0816 A/D converter from the PET 
user port is designed around the subroutine starting at line No. 
2000. You will note that the subroutine uses no literal constants. The 
use of variables for the PEEK and POKE instructions permits the 
BASIC interpreter to maximize the speed of the conversions in BASIC. 

The REM statements in the subroutine can be deleted for addi- 
tional speed. If you rewrite the statements with as many PEEK and 
POKE statements as possible on a single line, you can gain speed. 

When we tracked the: input voltage with a digital voltmeter, we 
found that the ADC0816 A/D converter was accurate to within 
1LSB, or approximately 20 millivolts. 
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One application of the A/D converter could be to sense the X 
and Y position of two joysticks simultaneously, for real-time inter- 
action with a game program for two players. The typical joystick 
control has two 100K ohm linear-taper potentiometers, which would 
be connected in the same manner as R8, in Fig. 3-22. Each poten- 
tiometer, of course, would be connected across the 5-volt supply, 
with the wiper connected to a separate analog input channel. Since 
the null position of the joystick control positions the wiper in the 
middle of the potentiometer, the null voltage would be approximately 
2.5 volts, or 128 A/D counts. 

To make the null position equal to zero, you can create a software 
offset by subtracting 128 from the A/D counts. After you create 
the software offset to the A/D counts, voltages less than 2.5 volts 
will produce negative counts. The sign of the A/D counts will indi- 
cate the direction of the joystick movement (forward/backward or 
left/right), and the magnitude of the counts will indicate the distance 
from the center position. 

We connected two joysticks, consisting of four potentiometers, to 
the circuit for Fig. 3-22. The joysticks were connected to channels 
1 to 4. The following program permitted us to see the change in the 
A/D counts for each channel as well as to check the speed of opera- 
tion of the A/D converter in BASIC. 


100 NI =59468:N2 = 59456:N3 = 59459:N4 = 5947 1:N6= 59457 
101 B7=128:B5=32:A=1:B= 4:B0= 1:B8=8:Z2Z = 255:NU=0 
102 FORJ=1TO4:A$=A$+CHR$(32):NEXTJ 

103 FOR J=1TO4:A$ = A$+CHR$(157) :NEXTJ 

104 PRINTCHR$(147) 


110 POKEN1:(PEEK(N1)ORB7ORB6) 

200 TD=TI:PRINTCHRS$(19);:FORC = ATOB 

210 POKEN1,(PEEK(N1)ANDNOTBS5) 

220 POKEN3,ZZ:POKEN4,C:POKEN2,(PEEK(N2)ORB3) 

230 POKEN2,(PEEK(N2)ANDNOTB3):POKEN3,NU 

240 POKEN1,(PEEK(N1)ORB5):PRINTA$;PEEK(N4)-B7:NEXTC 
260 PRINTA$;(TI-TD)/60;"SECONDS”:GOTO200 


We found that it is possible to do the actual A/D conversion for 
two joysticks in less than 350 milliseconds, from an optimized BASIC 
program. This speed would probably be sufficient for many real-time 
game applications. Of course, a simple assembly language program 
accessed by a SYS statement would be much faster. 
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CHAPTER 4. 


The Memory Expansion Port 


Other chapters of this book demonstrate how to interface with the 
IEEE 488 and the user port. In this chapter we will explore still 
another important method of allowing the PET to communicate with 
peripheral devices—the memory expansion port. This port is physi- 
cally located on the right side of the PET and provides access to the 
address and data lines of the 6502. There are certain advantages and 
disadvantages to interfacing through the memory expansion port. 
Like the user port, binary information can be passed through this 
port with a minimum of circuitry. The main advantage of the mem- 
ory expansion port over the user port is that an almost unlimited 
number of bidirectional ports can be simultaneously implemented 
on this bus with a minimum hardware and software investment. 

The main disadvantage to interfacing through the memory port is 
that memory space dedicated to I/O devices obviously cannot be 
filled with additional memory. For most users this is a minor con- 
sideration since few have attempted to completely fill the PET with 
memory. Another disadvantage is that the convenient use of the file 
oriented PRINT# or INPUT# statements is not available to devices 
interfaced as memory. Thus, all I/O programming to devices at this 
port must be accomplished through the use of PEEK and POKE 
statements. Although handling ASCII-type data through the PEEK 
and POKE statements is certainly not impossible, especially with 
PET’s string functions, it is cumbersome (see Chapter 7 for an ex- 
planation of how to use the string functions for ASCII I/O using 
PEEK and POKE). For that reason the IEEE-488 port is clearly 
the best choice for ASCII-oriented devices. In short, if the device 
under consideration requires multiple ports or if the user port is 
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already dedicated and if the device deals with binary-type data, then 
the memory expansion port is probably the best interfacing choice. 


THE INS AND OUTS OF COMPUTER LOGIC 


In digital electronics, there are basically two types of signal lines— 
inputs and outputs. An output is a low-impedance current source 
capable of supplying enough current to drive an attached load to a 
predetermined voltage. Conversely an input is a high-impedance line 
which is easily driven by an output. Many inputs may be attached 
to, and driven by, a single TTL output. In computer jargon, this is 
termed “fan out.” Most TTL outputs will supply enough current to 
reliably drive up to 10 TTL inputs. On the other hand, if two or more 
outputs are tied together, they will interact in a most unfavorable way 
with each trying to supply enough current to the other to pull the 
line to its respective voltage. This tug-of-war will most often end 
with the destruction of one or both of the outout circuits. 

The address lines emanating from the PET’s 6502 are strictly 
outputs. Buffer amplifiers in the PET assure that they will supply 
enough current to fan out to many TTL devices. Thus, the user is 
free to have many inputs tied to these lines without fear of loading 
the bus. 


THE BIDIRECTIONAL DATA BUS 


The data bus is quite different from the address bus in that its 
eight lines may serve as both inputs and outputs. Because of the 
bidirectional nature of this bus, more than one TTL output will be 
simultaneously tied to each of these lines. To keep these outputs 
from unfavorably interacting with one another, the design employs 
three-state technology. A three-state output, as its name implies, has 
three “logic” states. In addition to the conventional high and low 
voltage, it also has a special high-impedance mode in which its output 
effectively becomes an open circuit. This, in essence, disconnects it 
from the line. 

All outputs tied to the data bus must be three-state devices. Special 
care must be exercised so that only one of them is active at any one 
time, that is, in its low impedance output mode. This is accomplished 
by appropriate logic circuitry. 

For example, if the 6502 is outputting data, the read/write (R/W) 
line will be in a low state. The logic should be wired so that the low 
condition on this line, signifying a write, automatically disables all 
three-state outputs which are tied to the data bus. When the R/W 
line is high, the 6502 data lines are in an input mode and at high 
impedance. At this time, one and only one output is expected to assert 


100 


itself on the data bus. This is accomplished by logic which detects 
the combination of the following: (1) A proper code on the 16-bit 
address bus which corresponds to, and is unique for, one given de- 
vice, (2) the presence of a high state on the R/W line, and (3) the 
appearance of a special timing pulse, phase-two of the 6502 clock. 
Only if all three of the above conditions are met simultaneously may 
any three-state output connected to the data lines leave the high- 
impedance state to assert the bus. 


LATCHES, THREE-STATE BUFFERS, AND DATA TRANSFER 


At this point you are probably asking yourself, “This is all well 
and good but how does one actually transfer information across the 
data bus?” Let’s first consider an input example. Above, we deter- 
mined that the conditions required for any three-state output to 
leave its high-impedance state were: (1) the proper code on the 
address bus, (2) a high on R/W, and (3) a high on phase-two. A 
“strobe” pulse can be generated by using a logic circuit which 
detects when all of the above conditions are simultaneously met as 
shown in Fig. 4-1. Three-state buffers are connected between each 
line of the signal source and each line of the data bus. The strobe 
pulse is attached to the three-state control line for the buffers. When 
the strobe pulse occurs, it causes all of the buffers to briefly leave the 
high-impedance state and place the bit pattern from the device on the 
data lines. Logic within the 6502 is synchronized so that it will pick 
up the information during that brief interval and the transfer will 
be made. Direction of data flow is indicated by the arrows. 

The pin configuration and block diagram for a typical three-state 
buffer, the SN74125, appear in Fig. 4-2. As long as the control line 
is low, the output of each buffer follows the input. However, when the 
control line is high the outputs go to a high impedance state. Thus, 
a logic low strobe pulse is required for the SN74125. Since there are 
four buffers in each 14-pin package, two such integrated circuits 
are required to transfer a full eight-bit word. The SN74126 is identical 
to the SN74125, except that its three-state buffers are enabled by 
a logic high control signal. 

A similar system is used for outputting data, but in this case the 
6502 will act as the three-state output and the user must provide 
a circuit that will “catch” the information as it briefly appears on the 
data lines. This is accomplished with digital latches, often called D 
flip-flops. Fig. 4-3 shows the pin configuration and timing diagram 
for a SN7475 quad latch. The latch functions such that when the 
gate, G, is driven to a logic high, the output, Q, assumes the same 
state as the input D. When the gate is driven to a logic low Q remains 
in whatever state it was at the high-to-low transition time. Thus, 
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whatever data appears on the D input of the latch during a high-to- 
low transition on the gate will be held thereafter, on the Q output. 
The Q output will be stable until the gate goes to a high state again. 
By attaching each data line to the input of a latch and by generating 


DEVICE 
BIT 0 


BIT 1 
BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 


BIT 7 


|) THREE STATE 


(ia CONTROLS 
ADDRESS TRUE 


Fig. 4-1. Three-state buffers are used to place 8-bit code on the PET data lines 
for inputting data. 


a strobe signal to be connected to all eight gates composed of (1) the 
proper address code, (2) a low on R/W, and (3) a high on phase- 
two, the D flip-flops will pick up the information and latch it at the 
exact time the 6502 places the data on the data lines. This output 
scheme is illustrated in Fig. 4-4. Note that two SN7475 latches are 
required to latch all eight bits. 
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54126174126(J),(N),(W); 
54LS126/74LS126(J),(N),(W) 
Fig. 4-2. Pinouts and truth tables for the SN74125 and SN74126 three-state buffers. 


ADDRESS DECODING IN THE PET 


For proper functioning of the computer, each memory location 
and I/O device must have a unique address and only that device 
can respond to that particular 16-bit code on the 6502’s address bus. 
Address line AO represents the least-significant bit (LSB) and line 
AI5 represents the most-significant bit (MSB). In the PET, address 
lines A15-A12 are already decoded into 16 address-block select 
lines most of which appear on the memory expansion bus. This leaves 
only the remaining 12 low-order address lines for the user to de- 
code. Each address-block select line becomes active (goes to a 
logic low) only when an address is present on the address bus 
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Fig. 4-3. Pinout, truth table, and timing diagram for the SN7475 quad latch. 
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Fig. 4-4. Digital latches can be used to retrieve the data on the data bus for 
output to a peripheral device. 
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Fig. 4-5. PET’s memory space is divided into sixteen 4K blocks. 
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within the 4K address-block served by that particular select line. Fig. 
4-5 shows the address-block divisions in the PET. 

The first address-block select line, SEL 0, controls the first 4K 
of R/W memory and may not appear on the expansion bus depending 
on which model PET you have. SEL 1 controls addresses from 4096 
to 8191, which is the second 4K block of memory. In an 8K PET, 
this is already filled with R/W memory but in the 4K version it is 
not. Therefore, it was brought out to the bus on all models. SEL 2 
controls the third 4K block address (8192-12287), SEL 3, the fourth 
4K block, and so on. BASIC allows R/W memory to be implemented 
up through the eighth 4K block (SEL 7). The ninth 4K block is used 
for the video memory. Blocks 10-13 are also unused in the PET 
and Commodore suggests that additional ROMs be added here, but 
this is a good place for I/O devices to be added as well. Since BASIC 
requires that all of the R/W memory it is to use be contiguous 
through block seven, I/O devices should be implemented at as high 
an address in memory as possible, so as not to interfere with future 
R/W memory expansion. 


Decoding the Low Order Address Lines 


Let’s assume that you wish to implement an I/O device at address 
46,000 which is in the twelfth 4K block. The binary equivalent of 
46,000 is 


1011 0011 1011 0000 


When the device is accessed, the above code will appear on the ad- 
dress bus with the left-most digit on line A15 and the right-most 
digit on line AO. The left-most four bits are already decoded inside 
the PET and will activate SEL B causing it to go low every time 
1011 appears on these four address lines. Fig. 4-6 shows a simple 
scheme for decoding this address. The address lines on the memory 
expansion connector are labeled A11—A0. The logic state for the 
address 46,000 is indicated on each line in the figure. Two SN7430 
eight-input NAND gates will be used. The output of each SN7430 
will always be high unless all eight of its inputs are in a logic high 
state. When that occurs, its output will go to a logic low. All address 
lines whose logic state will be a one for address 46,000 are tied 
directly to an input of the SN7430s. All lines which will be in a logic 
low or zero volts are converted to a logic high by an inverter before 
being connected to an input of a SN7430. The SN7404 contains six 
such inverters in a single package. All of the unused inputs to the 
SN7430s are tied to +5 volts, a logic high. 

Now it can be readily seen that all of the inputs to the SN7430s 
will be in the one state only when 0011 1011 0000 is asserted on the 
address lines A11—A0 and SEL B is low. Any other combination will 
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LOW ON A7-A0 TRUE 


HIGH ON 
ADDRESS 
TRUE 


LOW ON Al1-A8 
AND SEL B TRUE 


Fig. 4-6. Address decoding using NAND gates. 


Cause one or more of the inputs to the SN7430s to be at a logic low. 
Because the outputs of the SN7430s will both be low for only the 
correct code, they are tied to the inputs of a NOR gate. In the NOR 
gate, the output will go high only if both inputs are low. If either 
of the inputs is high, the output will remain low. The SN7402 has 
four, two-input NOR gates in each package and was, therefore, se- 
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Fig. 4-7. Pinouts and block diagrams for some common gates. 


109 


HIGH ON 
TRUE 
ADDRESS 


+5V 


Fig. 4-8. An address decoding scheme in which the address can be changed with 
switches or jumpers. 


lected for this example. If the inputs of the SN7402 go low then we 
have satisfied the address requirements for all 16 address lines and 
only then will the output of the 7402 go high, signaling that the 
desired code is on the address lines. Although this is a very simple 
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Fig. 4-9. Pinout and truth table for the SN7485 four-bit comparator. 


decoding scheme, presented here primarily for illustrative purposes, 
it is quite workable. Fig. 4-7 shows pin configurations and block dia- 
grams of the SN7400, SN7402, SN7404, and the SN7430 gates. 


Advanced Address Decoding Techniques 

In the previous section it was shown that by using gates, we could 
detect the presence of a unique code on the address bus. Although 
that approach would work, there are more sophisticated ways of de- 
coding addresses which we will now explore. Our simple illustration 
had two shortcomings. First, it did not provide an easy means of 
changing the address of the device with, perhaps, switches or jumpers. 
Second, it only decoded a single address. Since many applications will 


HIGH ON 
ADDRESS TRUE 


Fig. 4-10. An address decoding scheme using three SN7485 comparators. 


require several I/O ports, one would wish to avoid duplicating this 
multigate circuit for each port. : 
Let us first look at the problem of adding selectability to a decoding 
scheme. Fig. 4-8 shows an extension of the gate approach. An in- 
verter is simply added to each address line so that the user can arrange 
jumpers to select a one or a zero as the active input for each line. 
Single-pole double-throw switches could be employed in the place of 
the jumpers. An even better approach to this problem, however, 
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would be to use digital comparators. Fig. 4-9 shows the pin con- 
figuration and the truth table for the SN7485 4-bit comparator. 
The digital comparator is used to compare two parallel binary 
signals, in this case four bits each. The four data bits from source A 
are compared bit by bit to those from source B. Note that the truth 
table indicates that the A=B output will only go high when all four 
A inputs match the corresponding four B inputs and if the A=B input 
is in a high state. Fig. 4-10 shows how this comparator can be used 
in an address decoding scheme for the PET’s 12 lower-order address 
lines. The address lines are connected to the A inputs of the com- 
parator and the B inputs go to switches which determine whether 
highs or lows appear on each of the B inputs. Notice that the pull-up 
resistors pull each B input to a logic high unless the input is grounded 
by closure of the switch. Only if the address bus has a bit pattern 


(A) A strobe will be created for a read or write to any address 
within the 4K block served by select B. 


(B) Address line 0 is added to the decoding scheme so that strobes 
will only occur at odd numbered addresses within that 4K block. 


Fig. 4-11. An example of incomplete address decoding. 
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Fig. 4-12. Pinout, truth table, and 


identical to that selected by the switches will a high on the A=B input 
cause the A=B output to go high. 

The active-low B pulse is inverted so that it will be active- 
high and is connected to the A=B inputs of the first comparator. 
The A=B output of that comparator goes to the A=B input of the 
second comparator, and the second comparator output is similarly 
cascaded into the A=B input of the third comparator. Only when 
all three comparators indicate a “match” will the output of the top 
comparator go to a logic high. In this case the address true condition 
will generate a high signal. Inversion with a SN7404 will make the 
address select pulse go to a logic low if that is what is required. 
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block diagram for the SN74154. 


Incomplete Decoding 


In many microcomputer applications, it is not always necessary 
to fully decode all of the address lines. This is especially true in the 
case of the PET, since the address space is already decoded into 
4K blocks. Earlier, we stated that to avoid confusion only one unique 
device can exist for any given address. The converse is not true, 
however. The same device may appear at many addresses and not 
cause any problems. For example, you could generate a strobe pulse 
by using only the block select pulse for an otherwise unused block, 
phase-two, and the R/W signal. As shown in Fig. 4-11A, a perfectly 
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valid strobe pulse for latching the data from the data bus will be 
created with this scheme. Output would be caused to occur by exe- 
cuting a POKE statement to any location within the 4K block served 
by SEL B. at 

If you include address Line AO, the least-significant bit on the 
PET’s address bus, to the decoding arrangement then a strobe pulse 
would only occur when POKE statements were executed to every 
other address in that 4K block. This is shown in Fig. 4-11B. In all of 
the even-numbered addresses of that 4K block AO would be at a logic 
low and the condition for all of the NOR gate inputs to be low would 
not be met. If address line Al were also added to this decoding scheme 
output would only result from POKEs to every fourth address in 
that block, and so on. If you were sure that you were never going to 
interface more than just one device to your PET, you could use 
this very simple scheme to generate a strobe pulse. Most of us are 
not that confident, however, that additional devices will not be added 
in our future tinkering. At the same time most of us are quite sure 
that we will never add 4096 separate ports to the PET which is the 
number of possible codes generated by the 12 address lines in one 
4K block. In fact, if only four of the address lines were decoded this 
would make room for 16 different ports, which for even the most 
extravagant interfacer is a lot of devices. The obvious argument in 


favor of incomplete decoding is that the circuitry, and thus the cost, 
is reduced. 


Multiple Strobe Pulses 


Most users will want to add more than just one device to their 
PET. For this reason it would be nice if our decoding could provide 
logic to detect not just one address but rather a whole series of them. 
This is easily accomplished with the aid of a binary decoder circuit. 
The SN74154 4 line to 16 line decoder chip is shown in Fig. 4-12, 
along with its pin configuration, a block diagram, and a truth table. 
The chip receives four inputs: A, B, C, and D. Because there are 16 
possible bit combinations for these four inputs (2* = 16), the chip 
is designed so that there are 16 separate output pins, each one be- 
coming active on a unique binary pattern on inputs A, B, C, and D. 
The unselected outputs will all be at a logic high. If the control 
inputs G1 and G2 are both low, then, and only then, will the selected 
data output go to a low state. The decoder is shown in a typical 
application in Fig. 4-13. The four low-order address lines go to the 
four inputs of the decoder. The high-order address lines are decoded 
by appropriate logic as previously described. Decoding of the high- 
order lines is such that G2 goes low on address true. Whenever SEL B 
goes low, phase-two goes high, and a high-order address true condi- 
tion occurs, then the selected output will go low. 
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Fig. 4-13. A typical application for the SN74154 decoder. 


Since phase-two is incorporated in the decoding scheme the circuit 
not only decodes addresses but also constructs a timing strobe on 
the correct address. The inset shows how to create either a read or a 
write strobe from one of the SN74154 outputs. Since, in this example, 
the high-order address decoding is set to detect all zeros, then a 
strobe will be generated on output 0 of the SN74154 for the first ad- 
dress in that 4K block, on output 1 for the second address, and so 
on, up to the sixteenth output line from the decoder. Above the six- 
teenth address, none of the outputs will be active, since G2 will re- 
main high. In this example, we have generated 16 separate strobes 
for 16 consecutive addresses with only 1 integrated circuit. 
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CHAPTER 5 


Construction of an I/O 
Breadboard for the Memory 
Port 


This chapter describes the construction of a general purpose input/ 
output breadboard. This device serves two functions. First, the bread- 
board forms the basis of specific experiments described in the follow- 
ing chapter. These experiments will give the reader practical experi- 
ence in applying the principles of memory interfacing which were 
outlined in Chapter 4. In addition, the breadboard, once completed, 
will provide a general purpose parallel input and output port which 
can be used for many specific applications. Logic on the breadboard 
also has decoding for 16 sequential input/output ports allowing for a 
great deal of expansion with this basic unit. A completed breadboard 
is shown in Fig. 5-1. 


GENERAL CONSTRUCTION 


The breadboard is constructed using wire-wrap techniques. It is 
built on a 6% by 8% inch sheet of perfboard with 0.1 inch hole spac- 
ing. A 40-conductor ribbon cable connects the breadboard to the 
PET memory connectors. Tables 5-1 and 5-2 show the pin assign- 
ments for the two models of PET computers currently available and 
list the required connectors. The component layout is shown 1n Fig. 
5-2. Start by fastening the integrated circuit sockets to the board with 
glue. Either an epoxy or a clear silicone adhesive will work well. 
Fasten three 14-pin wire-wrap sockets at B3 through BS, and one 14- 
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Fig. 5-1. The complete breadboard. 
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Table 5-1. Breadboard Connections for Old Style PET 


Pin No. on Pin No. on 
Breadboard PET 


Address 0 
Address 1 
Address 2 
Address 3 
Address 4 
Address 5 
Address 6 
Address 7 
Address 8 
Address 9 
Address 10 
Address 11 
No Connection 
No Connection 
No Connection 
SEL 1 
SEL 2 
SEL 3 
SEL 4 
SEL 5 
SEL 6 

EL 7 
SEL 9 
SEL A 
SEL B 
No Connection 
RESET (Signals Reset of the 6502) 
IRQ (interrupts the 6502) 
Phase 2 clock 


COON OU DWH — 


pin socket at A8. Next, fasten 16-pin wire-wrap sockets at B1 and B2, 
B6 through B9, and A4 through A7. Finally, fasten one 24-pin wire- 
wrap socket at A3. 

When the glue has dried, put in the terminals for the ribbon cable. 
Vector T44 push-in terminals are recommended as they have solder 
connections on top of the board and wire-wrap posts below. Thirty- 
five terminals are required for the new model PET and 40 are required 


120 


35 OR 40 CONDUCTOR RIBBON 
CABLE TO PET 
PIN 1 (DEPENDING ON MODEL) 
\ 


oo0000 eoooo0o°o eooo0°0 ooooo PIN 40 74154 
oo0o0°o eoo000 oo0o0o°0 eooo0oo0oo°o 


% 
INCH 1 
7402 74LS85 —74LS85 DIP SWITCH RESISTORS 

1 1 ire 1 1 


7) 


1 
INCHES 


GND 


0 d , o+5V 


[>] [| [| [+ [+] [| [+] [+] [+] 


74LS75 74LS75. ss LEDS_)~=—Ss« OPEN 7400 = 74125. =: 74125 RESISTORS DIP SWITCH 


PROTOTYPING STRIP 


Fig. 5-2. Component layout for the breadboard. 


for the old model. Similarly, place 10 push-in terminals as indicated 
for a power and ground bus. Solder a strip of bare 20 gauge wire 
along the five power terminals and another strip along the five ground 
terminals. Solder three 0.1-microfarad (uF), 16-volt disk capacitors 
between these strips as indicated in Fig. 5-2. Finally, install a solder- 
less prototyping strip on the bottom of the board as shown. Some of 
these strips have a self-adhesive back, while others will require drill- 
ing screw holes to make the attachment. The prototyping strip is not 
absolutely essential, as those experiments which require extra compo- 
nents can be wire wrapped on an unused portion of the board but the 
prototyping strip does make breadboarding considerably easier. 

Cut a 30 inch section of 40-(old style PET) or 35-(new style PET) 
conductor ribbon cable. Attach one end of the cable in sequence to 
the solder terminals on the breadboard. Attach the appropriate con- 
nector to the other end of the cable. If your computer is an old model 
8K PET with the edge-type connection on the left side, then simply 
attach the wires with pin 1 on the breadboard connecting to pin Al 
on the connector, pin 2 on the breadboard to pin A2 and so on 
through pin 40, except for lines 31 and 32. These go to B31 and B32 
on the connector. Fig. 5-3 shows the pin assignments for the edge 
connector on the old model PET. This is a simplified view of the 
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Fig. 5-3. Pin assignments for old style PET memory expansion bus. 


memory bus connection on the early 8K model PETs. All side B con- 
tacts are grounded. For the new style PET with the Berg-type plugs 
inside the console, make the connections as shown in Table 5-2. See 
Fig. 5-4 for pin assignments on this connector. 


Table 5-2. Breadboard Connections for New Style PET 


Pin No. on 
Breadboard 


Address 5 
Address 6 
Address 7 
Address 8 
Address 9 
Address 10 
Address 11 
IRQ 

Phase 2 clock 
R/W 


IEEE USER PORT 2ND CASSETTE 
CONNECTOR CONNECTOR CONNECTOR 


PIN25~: 


TOP VIEW OF PET'S 
PROCESSOR BOARD 


Fig. 5-4. Pin assignments for new style PET memory expansion bus. 


The pins on the breadboard should now correspond to the pins on 
the PET memory connector as designated in Table 5-1 or 5-2 depend- 
ing on which model PET you have. 


POWER SUPPLY 


The breadboard requires a 5-volt power source capable of supply- 
ing up to 1 ampere of current. Such a supply is available in kit form 
for about $15.00. Fig. 2-3 shows a schematic diagram for such a sup- 
ply, if you prefer to build your own. 


THE ADDRESS DECODER 


The breadboard consists of three basic sections: address decoding, 
an input port, and an output port. First, let’s examine the address 
decoding section, which is shown in Fig. 5-5. 

The high order (A11—A4) address lines are connected to two, four- 
bit digital comparators. The address code is compared to the code 
selected by the switches. If the address code matches that on the 
switches, bit by bit, then the positive-going block select pulse will be 
passed on through the comparators to the output of IC2. The four low 
order address lines are connected to the inputs of a 4-line to 16-line 


123 


SOCKET A4 


oe Oo m=wWwre oO 


Fig. 5-5. Address decoding for the breadboard. 
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decoder. The decoder is enabled by the output of IC2 and by SEL B. 
When a proper code is present on address lines Al11—A4, and phase- 
two goes high, a strobe pulse will appear on one of the 16 output pins 
of IC3. Which pin actually is selected depends on the code on address 
lines A3 through AO. Thus, 16 sequential addresses are decoded, 
starting at the address selected by the switches. 

Wire sockets A3 through A8 on the breadboard as shown in Fig. 
5-5 using a wire-wrap tool. Refer to Table 5-1 or 5-2, whichever is 
appropriate, to determine which pins on the ribbon cable termination 
correspond to the indicated lines in Fig. 5-5. Be sure to connect the 
PET ground from the ribbon cable to the ground bus on the bread- 
board. 


THE OUTPUT PORT 


The second section of the breadboard which is to be wired is the 
output port. Fig. 5-6 shows this circuit. Two 4-bit latches are con- 
nected to the eight data lines to latch the data. The outputs from the 
latches are connected to socket B7 where a dip header, containing 
LEDs, allows the user to view the output code, bit by bit. The latches 
are activated by a pulse derived from the combination of the strobe 
pulse generated by the address decoder circuit described above, and 
a low on the R/W line, which indicates that a write operation is taking 
place. 

A NOR gate is used, since a positive-going strobe pulse is desired. 
The write strobe will only occur when R/W and the address select 
strobe from the decoder are both in a low state. Wire sockets A8, B7, 
B8, and B9 as indicated in Fig. 5-6. 


THE INPUT PORT 


The final section of the breadboard is the input circuit shown in 
Fig. 5-7. Three-state buffers are connected to the eight data lines. The 
inputs to these buffers are connected to socket B1, where an 8-pole 
dip switch has been inserted. When a switch position is open, the 
pull-up resistor causes a logic high to occur on the input. If a position 
is closed, the resistor is grounded, and the input becomes a logic low. 
The gate pulse which causes the buffers to leave their high-impedance 
state comes from IC9. A NAND gate detects the combination of a 
high on the inverted address select pulse from the SN74154 decoder, 
and a high on the R/W line, indicating a read operation. 

Wire sockets B1 through BS as indicated in Fig. 5-7. In addition, 
wire socket B6, as shown in Fig. 5-8. This brings the eight data lines, 
the R/W line, five select lines, and power to convenient points for 
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SN74LS75 
SOCKET B8 
Ic5 


+5yl9 


UT ¢____ 106 sn7402 


SELECT 0 
PIN 1 1C3 


Fig. 5-6. The output port. 


breadboarding and expansion. Jumper wires can be inserted into 
socket B6 to bring signals to the prototyping strip for breadboarding. 
A parts list for the breadboard appears in Table 5-3. 
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SN7400 


Fig. 5-7. The input port. 
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SELECT LINES 
FROM 74154, 
PINS 2-6 


SELECT #5 
SELECT #4 
SELECT #3 
SELECT #2 « 


SELECT #1 
SOCKET 
B6 


Fig. 5-8. The expansion socket. 


CHECKING THE BREADBOARD 
Initial Check Out 


In the previous section, instructions were given covering wiring of 
all of the sockets on the breadboard and for constructing a cable to 
connect the breadboard to the PET. With all of that completed, it is 
now time to test the breadboard. For this testing and for the following 
experiments, a logic test probe will be required. One can either be 
obtained commercially or it can be built onto the breadboard. If the 
latter option is chosen, instructions for building and using such a 
probe appear in Chapter 2 of this book which covers the user port. 
After double checking all of the wiring, connect the power supply to 
the board. With all of the sockets empty and the breadboard not con- 
nected to the PET turn on the power supply. Use the logic probe or 
a voltmeter to verify that the proper power connections are present 
at all of the integrated circuit sockets, and that they are correct. The 
most likely cause for failure of this or any of the following tests is a 
wiring error. Carefully retrace and correct the wiring on any part of 
this circuit which has an improper voltage. When this test has been 
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Table 5-3. Parts List for the Breadboard 


6% by 8% inch perfboard (0.1 inch hole spacing) 
16-pin dip sockets with wire-wrap terminals 
14-pin dip sockets with wire-wrap terminals 
24-pin dip sockets with wire-wrap terminals 

LEDs 

3.3 K resistors 

8-position dip switches spst 

0.1 yf 16-volt disc capacitors 

$N74125 integrated circuits 

SN74LS75 integrated circuits 

$N7400 integrated circuit 

SN7402 integrated circuit 

SN74LS85 integrated circuits 

SN74154 integrated circuit 

prototyping strip, continental specialties QT-595 
40 conductor ribbon cable 

connector for PET’s memory expansion bus (see 
appendix for sources) 


~ 


o 


oa 


inches 


=—O4u4 pO H—|— S| NO NHYWNH—WDW—A 


satisfactorily performed turn off the power and install the eight 4-watt 
pull-up resistors in socket A4. These can be either soldered on a dip 
header, or directly inserted into the socket. Next, install the 8-position 
dip switch in socket A5. Be sure that position 1 of the switch is on 
the keyed end of the socket (the end near pin 1). Turn the power 
supply back on and use the logic probe to verify that the switches are 
controlling lines 9, 10, 15, and 16 on sockets A6 and A7. Putting any 
switch to the on position should bring that line to a logic low. After 
this has been accomplished turn off the power supply. 


Address Decoder Checkout 


You are now ready to check out the address decoding circuit. In- 
stall a SN7402 in socket A8, a SN74LS85 in socket A7 and A6, and 
a SN74154 in socket A3. Turn the power supply back on and after 
30 seconds touch each integrated circuit to check for overheating 
which might result from a faulty component or a wiring error. With 
the PET turned off, turn off the breadboard power and plug the cable 
connector into the PET memory expansion bus. Be sure the socket is 
inserted in the proper direction since this is not a polarized socket. 
Turn on the PET and verify that it has come up in the normal manner 
and that it responds to the keyboard. If it does not, turn off the PET 
immediately and check the breadboard and socket for wiring errors 
and/or shorts. 

When the above has been satisfactorily accomplished power may 
then be applied to the breadboard. After applying power, verify that 
the PET is still responding to the keyboard in a normal manner. 
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Wiring errors in the breadboard may cause extraneous signal to be 
applied to the 6502’s data or address bus which will disrupt the opera- 
tion of the PET. The memory expansion bus is reasonably well pro- 
tected, however, by buffers in the PET, so that permanent damage is 
not likely should an inadvertent short occur. 

Set all keys of the dip switch to the “on” position and enter the 
following program in the PET. Start the program with the RUN com- 
mand: 


10 POKE 45056,0 
20 GOTO 10 


This program will cause repetitive write cycles to the breadboard at 
the decoded address, 45056. Referring to Fig. 5-5, place the tip of 
the logic probe at pin 19 of the SN74154. The pulse indicator should 
light indicating that phase-two is active. If no pulses are detected, 
double check.to make sure that pin 19 actually is connected to the 
inverted phase-two. Next, check for pulses at pin 18. If pulses are 
present, ICs, 1, 2, and 6 (the decoder) are working properly. If pulses 
are not present at pin 18, IC1 and IC2 should be individually checked. 
Check for pulses on pin 3 of IC1, indicating that the address block 
select line B from the PET is working properly. Then, check for pulses 
at pin 6 on ICI, to see if address lines A11—A8 are being decoded. 
If no pulses are present here, then the fault lies in IC1 or its wiring. 
If IC1 checks good, repeat the procedure on IC2. If pulses are present 
at pin 6 on IC2, check for pulses on pins 2 and 3 on IC6, to confirm 
this connection. If pulses are present at pins 2 and 3 of IC6 but not 
at pin 1 of IC6 then the problem is in IC6. 

Place the logic probe on pin 1 of the SN74154. Pulses should be 
present there as well. If not, a problem exists in IC3. Pulses should 
not be present on pins 2~17 on IC3. 


Output Port Check 


When all of the above tests have been successfully completed you 
then may check the output port. Turn off the PET and the breadboard 
power supply and insert SN74LS75s at B8 and B9 and insert the 
header with the 8 LEDs into socket B7. Reapply power to the bread- 
board but not to the PET. All of the LEDs should light. If not, remove 
the LED header and check for a logic high at pins 1 through 8 of 
socket B7. If the logic high is present, the LEDs are either defective, 
inserted backwards, or the socket is improperly wired. If the logic 
highs are not present, the problem lies in IC4 and IC5. You may have 
e ony the power off and on several times to get all of the LEDs to 
ight. 


After the circuit passes the above checks turn the PET back on 
and enter the following program: 
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10 INPUT | 

20 POKE 45056,I 

30 GOTO 10 
Start the program with the RUN command and enter a 0 in response 
to the INPUT’s prompt. This should result in all of the LEDs going 
out. If they do not go out, “break” the program with the return key, 
and change line 30 to GOTO 20. Delete line 10 and restart the pro- 
gram. Check for pulses on pins 6 and 5 of IC6. If no pulses are found, 
recheck the wiring of IC6. Next, check for pulses at pin 4 on IC6. 
If no pulses are found, the problem is in IC6, or its socket. Next, 
verify that strobe pulses are at pins 4 and 13 of IC4 and ICS. If strobe 
pulses are present the problem lies in IC4 and ICS or their connections 


to the data bus. 


Input Port Check 

Finally, the input port in Fig. 5-7 is ready to be checked. Up to this 
point we have only been placing TTL inputs on the PET memory 
expansion bus so there has been little chance of disrupting the PET. 
In this last step, however, the three-state buffers will be connected to 
the data bus so you want to make sure that they are wired properly. 
Turn off the PET and the breadboard power and insert the resistors 
in socket B2 and the dip switch in socket B1. Apply power to the 
PET, and referring to Fig. 5-7 use the logic probe to verify that the 
switches are indeed controlling pins 3, 6, 8, and 11 of IC7 and IC8. 
Turn the power off again and insert a SN7400 in socket B5. Reapply 
power and check for overheating. Turn the PET on and use the logic 
probe to verify a logic high with no pulses on pin 6 of the SN7400. 
Now, enter the following program and start it with the RUN com- 


mand: 


10 PRINT PEEK (45056) 

20 GOTO 10 

The screen should fill with numbers, which should be disregarded 
at this time. Pulses should now appear at pin 6 on the SN7400. If not 
the SN7400 is faulty or improperly wired. Having passed this check, 
turn off the PET, and the power to the breadboard. Insert SN74125s 
in sockets B3 and B4. Turn the PET back on and be sure that it is 
functioning normally. If not, turn it off immediately and recheck the 
wiring of sockets B3 and B4. Next, power up the breadboard, and 
again, verify that the PET is normally functioning. If not, an error 
exists in the wiring of sockets B3 and B4, or one of the 74125s is 
defective. 

After verifying that the PET is functioning properly, set all the dip 
switches in B1 to “on” and reenter the above program. When you 
start the program with the RUN command, zeros should appear on 
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the screen. Next, place all of the switches to the “off” position and 
255s should appear on the screen. If this does not occur, recheck the 
wiring of IC7 and IC8. This completes the check out procedure of 
the breadboard, and you may now proceed to the experiments in the 
next chapter. 
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CHAPTER 6 


Experiments With the 
Breadboard 


This chapter contains a series of experiments designed to illustrate 
the basic principles of interfacing digital devices to the PET through 
the memory expansion port. It is assumed that the reader has built 
and checked out the breadboard as described in the previous chapter. 
Because many bare wires are exposed on the breadboard, care must 
be taken to avoid shorting the components. Do not lay the breadboard 
on metallic objects, such as tools or pens, and be sure that all wiring is 
neat and firmly attached. Also, avoid bending the wire-wrap pins by 
pressing the breadboard down on the work surface. Gluing a small 
cork under each corner of the board provides handy feet and keeps 
the wire-wrap pins away from the table top. 

A logic probe will be required for these experiments. One can either 
be purchased commercially, or constructed. Chapter 2 shows a circuit 
for such a probe that can be built into an unused portion of the bread- 
board or on a separate board. 

Some additional components will be required for these experiments 
and they will be added to the breadboard in the prototyping area. If 
you are unfamiliar with breadboarding techniques it might be useful 
to read the first chapter of Logic and Memory Experiments Using 
TTL Integrated Circuits, Book 1 (Howard W. Sams & Co., Inc., In- 
dianapolis, IN 46268). A list of the additional components required 
to complete these experiments appears in Table 6-1. Fig. 6-1 shows 
the breadboard connected to the PET and ready for experiments. 
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Table 6-1. Parts List Required for the Experiments Using the 
Memory Expansion Bus 


7400 integrated circuit 

7473 integrated circuit 

7404 integrated circuit 

7402 integrated circuit 

ADC 0816 integrated circuit 
(National Semiconductor) 

Push button switch spdt 

3.3 K Ya watt resistor 

3302 “% watt resistor 

1002 % watt resistor 

2K potentiometer 

2 axis joystick 

0.003 yf 16 volt capacitor 


Experiment No. 1 


USING THE LOGIC PROBE 
Purpose 


In this experiment the reader will acquaint himself with the logic 
probe and examine some of the signals on the PET memory expansion 
port. 


Discussion 


The breadboard receives many important signals from the PET, 
such as the address and the data lines. In this experiment, you will 
examine some of these signals with the logic probe. For this experi- 
ment you will need a logic probe and the completed breadboard. 


Step 1 


Plug the breadboard into the PET and apply power to the bread- 
board. Turn the PET on and verify that it says READY and has a 
blinking cursor. If it does not, turn PET and the breadboard off im- 
mediately and locate the problem. Next, apply power to the logic 
probe if it has not been built into the breadboard. Put all of the 
address switches in socket A5 to the “on” position. 


Step 2 


Take the logic probe and touch it to the +5-volt bus. Note that the 
HI indicator came on indicating a high logic level. Next, touch the 
logic probe to the ground bus. Note that the LOW indicator came on 
indicating a low logic level and also note that the high-to-low transi- 
tion was detected and caused the pulse indicator to blink. 
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Fig. 6-1. Photograph of the completed breadboard connected to the PET. 


Step 3 
Enter the following program into the PET and start it with the RUN 
command: 


10 POKE 45046, 0 
20 GOTO 10 


This program causes repetitive write cycles to the region of memory 
in which the breadboard is interfaced. Touch the logic probe to ad- 
dress line AO. All three indicators should be lit. The address lines are 
continually changing their logic state as the BASIC interpreter pro- 
gram is being executed. This machine language program is accessing 
both the read only memories to get the interpreter code and the R/W 
memory to read the user’s program. Part of the time they are low and 
part of the time high and they change so fast that both the HI and the 
LOW indicators seem to be on together. The fact that they are con- 
tinually changing state is revealed by the pulse indicator being lit. 
Examine the other address lines with the logic probe as well. 


Step 4 

Now touch the probe to data line 0. Is it in a high or a low state or 
is it continually changing? Examine the other data lines with the 
probe. 


Step 5 

Touch the probe to SEL B from the PET memory expansion port. 
The HI indicator and the pulse indicator should both be lit. The pulse 
indicator indicates that it is changing back and forth between a high 
and low state. The LOW indicator is not lit, however, because it 
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spends only a very short part of its time in the low state and then 
returns to a high. Each time the POKE instruction in the program is 
executed one short, negative pulse occurs on this line. Break the pro- 
gram by touching the RUN/STOP key and reexamine SEL B with 
the probe. What is its state now? Why isn’t the pulse indicator lit? 


Step 6 


To verify that only one pulse occurs on SEL B for each execution 
of the POKE statement, add the following line to the program and 
restart it. 


15 GET H$: IF H$ = “” THEN GOTO 15. 


This statement causes the program to loop endlessly at 15 until a key 
is struck. Then it passes through the program, executes the POKE, 
and returns to 15. Put the logic probe on SEL B. What is its state? 
Now keeping the probe on SEL B, touch a key on the PET and watch 
the pulse indicator on the probe. Each time a key was struck the pulse 
indicator should have blinked in response to the single pulse. 


Step 7 

The POKE is an output or write instruction. Therefore, what should 
the status of the R/W line be when the POKE is executed? With the 
above program running touch the probe to the R/W line from the 
PET and strike a key. Why wasn’t any change detected? The answer 
is that this line is already very busy selecting memory read and write 
as the BASIC interpreter is running and the addition of one more 


write cycle as the POKE is executed will not be noticeable with the 
probe. 


Experiment No. 2 
THE ADDRESS DECODER 
Purpose 


This experiment will illustrate how address decoding is accom- 
plished and how to create a strobe pulse from the PET. 


Discussion 


For this experiment it would be helpful if you review the section on 
address decoding in Chapter 4 and the description of the breadboard’s 


address decoder in Chapter 5. 
Step 1 


A schematic diagram of the address decoder appears in Fig. 6-2. 
Set all of the address switches to the “on” position, enter the follow- 
ing program, and start it: 
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Fig. 6-2. The address decoder circuit for the breadboard. 
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10! = 0 
15 POKE 45056+ I, 0 
20 GOTO 10 


Step 2 
Decimal 45056 is the equivalent of 


1011 0000 0000 0000 


or the start of the 4K block controlled by SEL B. Place the logic 
probe on pin 1 of the SN74154. Note the presence of pulses as that 
address is being decoded by the SN74154. Are pulses present on any 
other outputs of the SN74154 (pins 2-11 and 13-17)? Why shouldn’t 
they be? 


Step 3 


Now break the program with the RUN/STOP key and change line 
10 as shown below and restart the program. 


10 1=1 


Are pulses present on pin 1 now? Examine pins 2-11 to find out 
where the pulses are occurring. Because the POKE statement now 
directs output to address location 45057, the 16-line decoder activates 
pin 2 (select 1) instead of pin 1 (select 0). What would the value of 
I have to be to put pulses on pin 6? Make that change in the program 
and verify that the decoder is actually directing pulses to pin 6. 


Step 4 


Change the value of I in the program to 16 and restart it. Notice 
that none of the outputs of the SN74154s have pulses on them. This 
is because the POKE is directing output to an address that is outside 


of the range of the 16 possible values which can be decoded to 
SN74154. 


Step 5 


Switch No. 1 on the address decoder controls the logic state for the 
fifth address line, A4. Since this is the 16-weight bit, changing this 
switch should cause the decoder to look for an address 16 positions 
higher. With the program running and I set to 16, see if pulses are 
present on any of the 16 outputs of the decoder. The pulses should 
have been on pin 1. Change the program so I=18. Now where are the 
pulses? Switch No. 2 controls the 32-weight bit. Turn off switch No. 2 
as well and change line 10 in the program so that I=16+32. Verify 
that pulses are now on pin 1. How would the switches have to be set 
for I=128 to put pulses on pin 1 of the SN74154? 


Step 6 


It is interesting to examine the pulses coming out of the SN74LS85 
comparators. Set I=16 and restart the program. With all of the 
switches in the “on” position, examine pin 18 of the SN74154. This 
pin receives the output of the SN74LS85s. Are pulses observed? 
Should they be? Since the address 45056 + 16 is out of the range of 
the SN74LS85, we would not expect them to be there but pulse 
activity will probably be seen. The reason for this is that extra- 
neous address information often appears on the address lines when 
phase-two is low and the address lines are in transition. In step 4 we 
found that I=16 did not cause pulses to occur on any of the outputs 
of the SN74154. An output will only go to a logic low if G1 and G2 
of the SN74154 are simultaneously low. This illustrates the impor- 
tance of including phase-two in the address decoding logic. If it were 
not, extraneous strobe pulses for incorrect addresses would result. 


Step 7 

In Chapter 4 we discussed incomplete address decoding. The 4K 
block of memory space served by SEL B has room for 4096 different 
devices. Since it is not likely that you will interface that many devices 
to your PET, you can simplify the circuitry in the interface by not 
decoding all of the address lines. With incomplete decoding the de- 
vice will respond not to just one, but to several addresses within that 
4K block. We can eliminate decoding of address lines A11—A8 on the 
breadboard by removing the SN74LS85 from socket A7. This is IC1 
in Fig. 6-2. Take a 3 inch piece of 22 gauge wire and insert one end 
in pin 3 of the socket and the other end in pin 6. This will cause the 
inverted SEL B pulse to be applied directly to IC2. Restart the pro- 
gram in the PET with I=0. Verify that pulses are present on pin 1 of 
the SN74154 decoder. Since only the eight low-order address lines 
are being decoded, an address true condition should occur at every 
256th location in that 4K block. Stop the program and set I=256. 
Restart the program and see if pulses are now present on pin 1 of the 
SN74154. Change the program to I=257. Why doesn’t 257 put pulses 
on pin 1 of the decoder? Check pin 2 of the decoder to see if pulses 
are there. Why were pulses on pin 2? Strobe pulses should occur on 
pin 1 for values of I equal to 256, 512, 768, 1024... 3840. 


Step 8 

We will now eliminate decoding of address lines A7-A4. Remove 
the SN74LS85 from socket A6 and place a jumper between pins 3 and 
6 of that socket. Since only four lines are being decoded, A3—A0, an 
address true condition should occur at every 16th location in that 4K 
block. Set I=0 and start the program. Strobe pulses should be present 


139 


on pin 1 of the SN74154 decoder. Now stop the program, set I=16 
and restart it. Are strobe pulses present at pin 1? A strobe pulse will 
now occur when I is equal to 16, 32, 48, 64. . . 4080. By decoding 
only four address lines we have eliminated two integrated circuits but 
at the same time we have reduced the available space in that 4K block 
to only 16 ports. 


Experiment No. 3 
THE OUTPUT PORT 


Purpose 


This experiment will illustrate the use of digital latches for output- 
ting data from the PET. 


Discussion 


You will probably find it helpful to review the section on latches, 
three-state buffers, and data transfer in Chapter 4 and the discussion 
of the breadboard’s output port in Chapter 5 before performing these 
experiments. 


Step 1 


Put the LED header in socket B7 and set all of the address switches 
to the “on” position. Enter the following program in the PET and 
start it: 


10 POKE 45056, 0 
20 GOTO 10 


Step 2 


Refer to Fig. 6-3, showing the output port circuit. A write strobe 
occurs when the R/W line is in the low state (an easy way to remem- 
ber this is that the R for read is on top of the slash, and thus high 
while the W is below and thus low). Note that a positive pulse will 
occur on pin 4 of the SN7402 only if the select line from the SN74154 
and the R/W line are low at the same time. Pulses continue on the 
R/W line since it is active any time the PET accesses memory. Notice, 
however, no pulses are coming from the SN74154 decoder (pin 5 of 


the SN7402), and that no output pulses appear on pin 4 of the 
SN7402. 


Step 3 


Change line 10 of the program as follows and restart it: 
10 1 = PEEK (45056) 


The PEEK instruction causes a read cycle to that address rather than 
a write cycle. Thus, each time the select line from the SN74154 goes 
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Fig. 6-3. The breadboard output circuit. 


low, the R/W line is in a high state. Examine pins 5 and 6 of the 
SN7402 and note that pulses are not present on the output of the 
SN7402. 
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Step 4 

The positive-going pulse from the SN7402 controls the latches 
which “capture” the data from the data lines. This can be illustrated 
by changing two lines in the program as follows: 


10 INPUT | 
15 POKE 45056, | 


Start the program and enter a zero in response to the input prompt. 
All of the LEDs should have gone out, now enter a one. Since the 
LED on the first pin of the header is controlled by the one-weight bit, 
DO, it should light. Now enter a two into the PET. Which LED lights 
now? Similarly enter a 4, an 8, a 16, a 32, a 64, and a 128 and see 
which LEDs light. The decimal argument of the POKE statement in 
line 15 is converted to a binary number and output to the breadboard. 
An LED “on” means that the bit is a logic one while an LED “off” 
indicates a logic zero. To light the second and fourth LEDs, one would 
have to set both the two-weight bit, D1, and the eight-weight bit, D3, 
or 2+8 = 10. Enter a 10 into the program and verify this. Now calcu- 
late the number required to light the first and third lamps. Experiment 
with different values of input so that you can light any combination of 
lights. 


Step 5 


An interesting display can be created by having the LEDs display 
the binary equivalent of a number as it is incremented from 0 to 255. 
Enter the following program and start it: 


10 FOR [=0 TO 255 
20 PRINT | 

30 POKE 45056, | 
40 NEXT | 

50 GOTO 10 


Notice that in the binary progression each LED blinks at half the rate 
of its lower order neighbor. 

Experiment No. 4 

THE INPUT PORT 
Purpose 


This experiment will acquaint you with the function of the three- 
state buffers and inputting data to the PET. 


Discussion 


You will probably find it useful to review the section covering 
latches, three-state buffers, and data transfer in Chapter 4 and the sec- 
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tion describing the breadboard input port in Chapter 5 before starting 
this experiment. A diagram of the breadboard input circuit appears 
in Fig. 6-4. 


Step 1 

Set all of the address switches to the “on” position and set all of 
the switches in socket B1 to the “on” position. Enter the following 
program and start it: 


10 | = PEEK (45056) 
20 PRINT t 
30 GOTO 10 


The screen should fill with zeros. 


Step 2 

Fig. 6-4 shows the breadboard input circuit. First, the method of 
generating the read strobe will be examined. A read strobe should 
occur when the R/W line is in a high-state and when select 0 of the 
SN74154, 16-line decoder goes low. This condition is detected by a 
SN7400 NAND gate. Place the logic probe on pin 1 of the SN7400. 
This is the output of the decoder. Notice that it is high with periodic 
pulses (the HI and the pulse indicators are both lit). Now examine 
pin 3 of the SN7400. Note that the signal has been inverted. Examine 
pins 4, 5, and 6 of the SN7400 for correct signal. The SN74125 three- 
state buffers require a negative strobe pulse. Try to draw a circuit 
which generates this negative pulse using NOR gates instead of NAND 
gates. It can be done, but it requires at least one more gate than with 
NANDS. 


Step 3 

In the previous experiment we found that a write strobe would re- 
sult from a POKE statement, but not from a PEEK statement. Now 
we want to see if the converse is true concerning a read strobe. Change 
line 10 in the program as follows: 


10 POKE 45056, 0 


Start the program and examine pin 6 of the SN7400 with the logic 
probe. Are there pulses present? Should there be? Since POKE is an 
output statement a read strobe is not expected but pulses will prob- 
ably be seen. This points out a unique feature of the 6502’s architec- 
ture. Since phase-two goes high with each cycle of the 6502, a memory 
read or write must occur each cycle. Some of the 6502 commands, 
however, do not require a reference to memory, such as to shift or 
complement a register, or in this case, the fourth cycle in an indexed 
store operation. In those cases the 6502 does a “dummy” read cycle 
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SN74125 
1C8 SOCKET B3 


SELECT 0 
PIN 1 1C3 
1C9 SOCKET B5 
SN7400 


Fig. 6-4. The breadboard input circuit. 
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to whatever location the address lines were last set and the data which 
is read is ignored. A read is performed instead of a write since the 
latter could cause extraneous data to be written in memory. 


Step 4 

The switches in socket B1 control the bit pattern presented to the 
inputs of the SN74125 three-state buffers. If a switch is in the “off” 
position a logic 1 (+5 volts) occurs. Examine Fig. 6-4 to see how this 
is accomplished. With the above program running, put switch 1 to the 
“off” position and observe what happens on the screen of the PET. 
Since this is the two-weight bit, DO, placing a high value on only that 
line caused a 7 to be input to the PET. Return switch 1 to the “on” 
position and put the second switch to the “off” position. What number 
is read now? Similarly, try each of the switches and verify that any 
single switch now will cause the weight of that bit to be input to the 
PET. 


Step 5 


Different combinations of open switches will be additive. For ex- 
ample, turn off the first (one-weight bit) and the third (four-weight 
bit) switches. Since 1 + 4 = 5, a 5 should have been detected by the 
PET. Was it? If all switches are off, a 255 should be displayed since: 
1+2+4+4+8+ 16+ 32 + 64 + 128 = 255. Experiment with dif- 
ferent switch combinations so that you can enter any number you 
choose. 


Step 6 

It is useful to be able to determine which bits are set and which are 
not since a common use for such parallel input ports is to monitor the 
status of several different devices. For example, bit 0 may be wired 
to go high when the furnace is running, bit 1 when the kitchen lights 
are on, bit 2 for the attic fan, and so forth. Thus, one 8-bit parallel 
port may monitor up to eight separate functions. 

The simplest way to test any single bit is to use the BASIC AND 
command. The AND command takes two numbers and compares 
them bit by bit. If, and only if, comparable bits of both numbers are 
ones, will the result have a one in that digit. Any other condition will 
produce a zero. Thus, 0110 AND 1100 produces 0100 as the result. 
If the third bit is to be tested to see if it has a logic high on it, you 
could use the following program: 

10 IF PEEK(45056)AND4 THEN PRINT”BIT 3 SET”:GOTO 30 

20 PRINT “BIT 3 NOT SET” 

30 GOTO 10 

Since the third bit is the four-weight bit ANDing the result of the 
PEEK against four will force all bits in the result to zero except the 
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third bit. If the third bit was set on the input, then the result will be 
greater than zero and thus true. If it was not, then all digits will be 
zero and thus false so that the condition for the IF statement was not 
met. Write a similar program which tests whether the sixth bit is set 
and test it using the breadboard. 

There are other ways to test whether a bit has been set. The fol- 
lowing program illustrates a simple mathematical algorithm for de- 
termining which bits are set. Enter the following program and start it: 


10 REM PROGRAM TO DETECT SET BITS ON INPUT PORT 
20 GOTO 40 

30 GET X$ : IFX$= “THEN 30 

40 PRINT ” ” 

50 | = PEEK (45056) 

60 IF 1=0 THEN PRINT “ALL OFF”: GO TO 30 
70 J = 128 

80 FOR Y = OTO7 

90 IF | > = J THEN I=I—J: PRINT “BIT”, 7—Y 
100 J = J/2 

110 NEXT Y 

120 GOTO 30 


Each time any key is touched, the status of the eight switches is 
detected and displayed on the screen. Examine the program and see 
if you can understand how it works. Note: In the PET Microsoft 
BASIC, none of the statements on a line following an IF statement 
will be executed if the condition in the IF statement is not true. This 
program takes advantage of that feature to simplify the programming. 
The PRINT commands could easily be replaced with branching in- 


structions to perform some task when an “on” condition is detected 
for any given bit. 


Step 7 


By changing line 30 in the above program to the following: 
30 FOR I=1 TO 300: NEXT | 


a time delay will be added to the program so that the input port will 
be queried once per second and the status of the eight bits displayed. 
Step 8 


By adding one more line to the program, the input pattern may be 


displayed on the output port LEDs as well. Add the following line to 
the program and restart it: 


55 POKE 45056, | 

Note that the input bit pattem is now being displayed on the output 
port. The set-bits can even be made to blink on the output port by 
adding one more line. 
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115 POKE 45056, 0 


Experiment No. 5 
FLAGS AND DECISIONS 


Purpose 


This experiment is designed to show you how to implement a single- 
bit input or output port. 


Discussion 

In this experiment you will make use of the prototyping area of the 
breadboard. In this series of exercises we will examine the use of 
flags to communicate between the PET and the outside world. A flag 
is a 1-bit signal either into or out of the computer. Flags are com- 
monly employed to effect timing between the computer and a periph- 
eral device. Because of their 1-bit structure they can often be effected 
much more simply than the 1-byte parallel port we have examined in 
the previous experiments. 


Step 1 

A simple output flag can be constructed with only one J-K flip-flop. 
Pin connections and a truth table for the SN7473 dual J-K flip-flop 
appear in Fig. 6-5. Connect a SN7473 flip-flop as shown in Fig. 6-6. 
Select 1 and select 2 from the SN74154 decoder can be found on pins 
10 and 11 of socket B6 on the breadboard. When the wiring is fin- 
ished turn on the PET and the breadboard. Be sure that all of the 
address switches are in the “on” position. Monitor the output of the 
flip-flop, pin 12, with the logic probe and enter the following com- 
mand into the PET. 


POKE 45057, 0 


The output should be in a high state since the pulse from the decoder 
was applied to the clock input. Notice that the truth table for the 
SN7473 indicates that, with the J input high and the K input low, a 
clock pulse will always cause a high to occur on the output. Now enter 
the following command: 


POKE 45058, 0 


The output should go low since output 2 from the decoder is con- 
nected to the reset line of the flip-flop. 


Step 2 
Enter and start the following program and monitor the output of 
the SN7473: 
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CLK 1 CLR 1 Kl Vee CLK 2 CLR 2 J2 


5473/7473()),(N),(W); 54K73/74(H)73(J),(N); 
54L73/74(L)73(J),(N),(W) 


TRUTH TABLE 
73,H73,L73 


INPUTS 
CLR CLK J 
X 


Fig. 6-5. Pinouts and truth table for the SN7473 dual J-K flip-flop. 


10 FOR | = 1 TO 300: NEXT | 
20 POKE 45057, 0 

30 FOR | = 1 To 300: NEXT | 
40 POKE 45058, 0 

50 GOTO 10 


This should cause the output to alternate between a high and a low 
at a frequency of one per second. Since the data lines are not involved 
with this type of output, no attempt need be made to decode whether 
the operation was a read or a write. Therefore, a PEEK command 
should have the same effect as a POKE command. Change the pro- 
gram as follows and restart it: 


20 | PEEK (45057) 
40 | PEEK (45058) 


Does the output continue to oscillate? Such an output would be useful 


DATA BUS 
SOCKET 
B6 


SELECT 1 
PIN 10.B6 
SELECT 2 
PIN 11.86 


(OUTPUT) 


(INVERTED 
OUTPUT) 


Fig. 6-6. A simple output flag using on J-K flip-flop. 


for closing a relay which could start a motor or turn on a lamp. It 
could also signal an output device that the PET has data ready for it 
to take, or an input device that the PET is ready for more data. An 
advantage of the output is that only one integrated circuit is required. 
The disadvantage of the output is that it ties up two address locations. 
Since many address locations are available on the memory expansion 
bus, however, this is no real problem. 


Step 3 

Input flags are more complicated than output flags since their status 
must be read by the data lines. Input flags can be either level sensitive 
or edge sensitive. Each bit of the input port described in Experiment 
No. 4 represents a Jevel sensitive input flag. Each time a read cycle to 
that port occurs the state of the three-state buffer inputs at that time 
appears on the data bus and is read by the computer. Suppose, how- 
ever, the event which you are trying to detect is a short duration pulse. 
If it occurred between two read operations it would be missed. For 
such an application an edge sensitive flag should be employed. An 
edge sensitive flag is triggered on the transition between the high and 
the low state and once triggered it will retain the information that it 
was triggered with until it is reset. 

Remove the dip switch from socket B1 and, referring to Fig. 6-7, 
connect pin 12 of the SN7473 to pin 8 of socket B1. Disconnect the 
wire between select 1 and the clock. Put a pull-up resistor between 
the clock input, pin 1 of the SN7473, and +5 volts. Finally, install a 
normally open push-button switch between the clock input and 
ground. Enter the following program and start it. 


5J= 1 
10 | = PEEK (45056) AND 128 
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a 
= SELECT 1 
PIN 10, 

SOCKET B6 


TO PIN 8 
SOCKET Bl 


$N7473 


+5V 
Fig. 6-7. An edge sensitive input flag using the SN7473 J-K flip-flop. 


20 IF | = O THEN 10 
30 PRINT “CLOSURE,” J 
40s=Jt+! 

50 POKE 45057, 0 

60 GOTO 10 


Press the button and notice that each time the button is depressed, the 
word “closure” and a number is printed on the screen. Line 10 reads 
the status of bit 7 from the input port. If it is low, line 20 directs it 
back for another read. Only when it goes high, will it leave the loop 
to print the message. Delete line 50 and see how the program behaves. 
Line 50 is important since it resets the flag. 


Step 4 


Notice that each depression of the switch does not always result in 
only a single message being printed. This is the result of switch 
bounce. When the contacts close they bounce on each other causing 
several high to low transitions. The computer is so fast that it can 
detect several of these for each closure. Switch bounce is a commonly 
encountered problem in digital electronics. There are two cures for 
it in this case. The first is a software cure. The program should be 
modified so that about a third of a second delay occurs between the 
time when the pulse is detected and the resetting of the SN7473. Thus, 
multiple makes and breaks of the switch will be ignored. How would 
you do this? Try your method and see if it works. 

We chose to add a delay between lines 40 and 50. Add the following 
line to the program and run the program again: 


45 FOR X= 1 TO 100 : NEXT X 


Does this eliminate multiple sensings of the switch? 
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Step 5 

The second cure is an electronically debounced switch. This is 
achieved by using a dpdt switch and two NAND gates as shown in Fig. 
6-8. Debouncing occurs because the state changes only upon contact 
to either position but is not affected by momentarily breaking the 
contact. Wire a SN7400 to the breadboard as shown in Fig. 6-9 and 


~  §N7400 
DEBOUNCED SWITCH 


Fig. 6-8. An electronically debounced switch using a SN7400 quad NAND gate. 


remove the debouncing steps from the program (line 45). Does the 
circuit effectively eliminate multiple sensings of the switch closure? 
Use the logic probe and see if you can determine why the circuit 
works as it does. 


Experiment No. 6 
AN ANALOG.-TO-DIGITAL CONVERTER 


In this experiment we will explore the interfacing of a commercially 
available analog-to-digital converter (ADC). The National Semicon- 
ductor ADC0816 is an 8-bit CMOS ADC. It will convert an input 
voltage in the range from 0 to +5 volts to a binary number which is 
proportional to that voltage. In addition it has a 16 channel multi- 
plexer built into it so that up to 16 different inputs can be simul- 
taneously monitored by the computer. The ADC is very useful for 
data acquisition or for implementing joysticks on the PET for games, 
etc. It allows the PET to measure analog voltages directly. 
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A 


ADCO816 
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ADC 0816 ANALOG TO DIGITAL 
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Fig. 6-9. Component connections for the analog-to-digital converter. 


Step 1 


Clear the breadboard completely and remove the dip switch from 
socket B1. The clock will be assembled and checked first. Fig. 6-9 
shows a simple resistor-capacitor oscillator using a SN7404 hex in- 
verter. Insert the SN7404 on the far right of the prototyping strip and 
make connections as shown in Fig. 6-9. When completed, apply power 
to the circuit and check for pulses on the output, pin number 6. Both 
the HI and the LOW indicators on the logic probe should be lit as 
well as the pulse indicator. This results because the output of the clock 
is a 500-kHz square wave, spending as much time in the high state as 
in the low state. If a 0.003-yf capacitor cannot be obtained, a larger 
value may be substituted, but do not use a lower value as the clock 
may run too fast for the converter to operate properly. 
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Step 2 

In this step the read strobe and the write strobe will be created. 
The ADC0816, like many computer peripheral devices, has three- 
state buffers built into its output circuits and digital latches built into 
its input circuits. Therefore, the inputs and the outputs may be directly 
tied to the data lines and only read strobe and write strobe must be 
supplied. 

The three-state buffers on the output leave the high impedance state 
when the three-state control pin on the converter goes high, thus a 
positive-going read strobe is required. The figure shows how a NOR 
gate from a SN7402 and one inverter from the SN7404 are used to 
create a positive-going pulse. Do you see why the signal from the 
R/W line was inverted? Insert a SN7404 into the center region of the 
prototyping strip and make connections to it as shown in the figure to 
create the read strobe. Be sure to supply power and ground to pins 
14 and 7 respectively. 


Step 3 


Now refer to the write strobe portion of the figure. The write opera- 
tion to the ADC does two things. First, it tells the multiplexer which 
analog channel to select; second, it starts the conversion process. A 
low-to-high transition is required to start the conversion while a nega- 
tive pulse is required to latch the multiplexer address from the data 
lines. Connect the Nor gate and the inverter as shown in the figure. 
Select 1 can be found on pin 10 of socket B6 while R/W is on pin 9. 
When all wiring is completed turn the breadboard power on and turn 
on the PET. Be sure the address switches are all in the “on” position 
then enter the following program and start it: 


10 POKE 45057,0 
20 GOTO 10 


Check pin 1 of the SN7402. Pulses should be detected and the LOW 
indicator should be lit. Now check pin 10 of the SN7404. Pulses 
should be present here as well but now the HI indicator should be lit. 
Why? Now check pin 4 of the SN7402, the read strobe. Are pulses 
present here? Should they be? : 

Remember that one peculiarity of the 6502 is that it makes either 
a read or a write for every cycle of the computer. If the 6502 does an 
internal operation which does not require a memory reference, the 
address lines are not changed from the last cycle and the R/W line 
goes to a high so that a dummy read is performed. Nothing is done 
with the information placed on the data lines. Thus, pulses will prob- 
ably be observed on pin 4 even though only a write operation is indi- 
cated in the program. 
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Step 4 

In this step the socket for the ADC0816 will be wired. Because the 
ADC0816 is a CMOS device, an inadvertent static discharge could 
damage it. Thus, all wiring should be completed before the ADC is 
installed in its socket. The reader is also cautioned against possible 
wiring errors which can easily occur when counting pins on a 40-pin 
socket. A piece of tape on either side of the prototyping strip with pin 
numbers written on it will greatly facilitate this operation and reduce 
errors. Make all connections as shown in the figure. Data lines D7—DO 
can be obtained on pins 8 through 1 of socket B6, respectively. When 
all wiring is completed, double check it once more and then insert the 
ADC0816. 


Step 5 

Solder three 12 inch wires onto a 2K potentiometer. Connect the 
wire from one side of the potentiometer to +5 volts and the wire from 
the other side of the potentiometer to ground. Remove the jumper 
which connects the output of the multiplexer to the input of the con- 
nector (pins 15 and 18 on the ADC0816) and connect the wiper of 
the potentiometer to pin 18 of the ADC. Next, enter the following 
program: 


10 POKE 45057,0 
20 PRINT PEEK (45057) 
30 GOTO 10 


The numbers on the screen should change from 0 to 255 as the poten- 
tiometer is turned from one end to the other. The potentiometer, which 
is acting as a variable voltage source, is supplying voltage directly to 
the converter section and bypassing the multiplexer. If the potentiom- 
eter does not affect the numbers on the screen then the ADC0816 is 
wired in wrong or defective. The operation of the converter section 
can be checked by looking for pulses on the end-of-conversion line, 
pin 13. If no pulses occur here then check pin 16, the start pin. 
If pulses are detected on start then check the three-state control, 
pin 21. Pulses should be found on all of these pins during normal 
operation. 


Step 6 


In this step the multiplexer will be checked. Replace the jumper be- 
tween pins 15 and 18 and put the wiper of the potentiometer on pin 
38. Again, the potentiometer should control the display. If it does 
not, the multiplexer is not working. Check for pulses on pin 32 of the 
ADC which controls the latch for the multiplexer channel-select. Also. 
check for wiring errors on pins 33-36. 


154 


Step 7 

The POKE statement in the program does two things. First, it 
passes the channel number to the multiplexer when a strobe pulse 
occurs on the address latch enable, pin 32. The channel number is 
latched off of the four low-order data lines which are connected to 
pins 33-36. Thus, the second argument of the POKE statement is the 
channel to be read. Second, the strobe pulse from the POKE state- 
ment starts the conversion by placing a pulse on pin 16, the start line. 
The data is read by the PEEK statement. The read strobe pulse causes 
data from the converter to be placed on the data lines via the internal 
three-state buffers connected to pins 24-31. Change line 10 in the 
program as follows and restart it: 


10 POKE 45057,1 


Notice that the potentiometer no longer controls the display. Why? 
Connect the potentiometer wiper to pin 39 of the ADC, the input of 
the second channel. Now does the potentiometer control the display? 


Step 8 


The conversion, from the time the start pulse occurs to the time the 
data is valid, takes about 150 microseconds. If the computer tried to 
read the data before the conversion was completed, an erroneous 
value would be obtained. To prevent that, the ADC0816 has an end 
of conversion flag which it sets to a high when the output is valid. 
That is shown in the figure connected to bit 7 of the prewired input 
port. The computer program should first start the conversion, then 
wait until the flag is set, and only then should it read the data. How- 
ever, Since each basic instruction in the PET takes much longer than 
150 microseconds to execute, there is no danger of trying to examine 
the converter prematurely. If, however, a machine language program 
is written to control the ADC, care should be taken to check the end 
of conversion signal, bit 7 of 45056, before reading the output. With 
the above program running, examine the end of conversion flag with 
the logic probe to verify that it is changing state. 


Step 9 


The following program illustrates how multiple channels can be 
monitored by the ADC. Put potentiometers on pins 38, 39, 40, and 
1 of ADC0816. Enter the following program and start it: 


10 FOR J=0O TO 3 

20 POKE 45057, J 

30 X(J)=PEEK (45057) 

40 NEXT J 

50 PRINT CHR$ (147): REM CLEAR SCREEN 
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60 PRINT X(0),X(1),X(2),X(3) 

70 GOTO 10 

Notice that all four channels are independently displayed. Change 
the program so that six channels are displayed. What happened to the 
interval between samples? See the section an analog-to-digital con- 
verter for the user port in Chapter 3. Can you speed up your program? 


Step 10 

One of the practical applications of the ADC is to implement joy- 
sticks on the PET. The following program simulates the etch-a-sketch 
toy on the screen of the PET. Connect the wiper from the horizontal 
axis potentiometer to pin 39 of the ADC and the wiper from the ver- 
tical potentiometer to pin 40. If a joystick is not available then two 
separate potentiometers can be used. Connect both ends of the poten- 
tiometers across the +5-volt power supply. Enter the following pro- 
gram and start it. The screen can be erased by touching any key on 
the PET. 


10 REM ****ETCH A SKETCH**** 

15 PRINT CHR$ (147): REM CLEAR SCREEN 
20 FOR J=1TO2 

30 POKE 45057, J:X(J)=PEEK(45057) 

40 NEXT J 

50 X(1)=INT(X(1)/6.4) 

60 X(2)=INT(X(2)/11) 

70 POKE 32768+ 40*X(2)+X(1),102 

80 GET I$: IFI$-""THEN 20 

90 GOTO 15 


ADVANCED MEMORY PORT INTERFACING TOPICS 


In the previous section six experiments were presented which illus- 
trated the basic principles of interfacing through the memory port. In 
the remaining portion of this chapter, we will describe several com- 
monly encountered problems concerning interfacing through the mem- 
ory expansion port and how they can be solved. Since these are of a 
rather specialized nature they are not presented as detailed experi- 
ments, but rather didactically, more for your own understanding and 
for future reference. 


Input Requiring More Than Eight Bits 


Some computer peripheral devices transfer more than eight bits of 
data. For example, most analog to digital converters have 10 or even 
12 bits in their binary output. The question is: how do you handle 
more than eight bits if the data bus has only eight lines? The answer 
is: you break the information into two or more 8-bit bytes and 
transfer the information one byte at a time. Fig. 6-10 shows an input 
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SN74126 


DEVICE se 


BIT 0 


O SELECT 1 (74154) 


Fig. 6-10. A 12-bit input port. 
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example for reading 12 bits of data into the PET. The low-order eight 
bits are interfaced in the conventional manner through two SN74126 
three-state buffers. The high order four bits are connected to data 
lines D3—-DO and are controlled by a second strobe. The strobe pulses 
in this case are generated from two sequential addresses from the 
SN74154 decoder in the breadboard. 

Reconstructing the two words of data back into a single 12-bit 
number is accomplished by the following BASIC statement. Assume 
IC1 and IC2 are enabled by address 45056 and IC3 by address 
45057. 


110 X=PEEK (45056) + 256* (PEEK(45057) AND 15) 


The high-order bits are read in and ANDed against 15 decimal 
(00001111in binary). This masks out data bits 7-3 that received no 
three-state input and will therefore have undefined data. Multiplying 
the masked high order word by 256 shifts it to the left 8 binary places 
so that it can be added to the low-order word. The result, X, has a 
value equal to the 12-bit input. If more bits are needed, you can in- 
clude more buffers in the high-order word or perhaps you may even 
need to go to a third word. If a third word is incorporated, multiply 
that word by 65536 to shift it to the left 16 binary places. 


Outputs Requiring More Than Eight Bits 


We were able to input data words greater than eight bits in length 
by simply breaking the word into several 8-bit bytes. A similar 
scheme can be used to output words of more than eight bits. Fig. 6-11 
shows a 16-bit output port. Integrated circuits IC1 and IC2 form an 
8-bit port and provide the eight low-order bits to the device. IC1 
and IC2 are gated by a strobe from select line 0 of a SN74154 decoder 
as was used in the breadboard. Integrated circuits IC3 and IC4 form 
the high-order eight bits of the output port. They are connected to the 
data lines in the normal manner but are gated by select line 1 from 
the SN74154 decoder. The software required to output a 16-bit word 
appears below. Assume that IC1 and IC2 are controlled by a strobe 
pulse which decodes for 45056 and that IC3 and IC4 are controlled 
by a strobe pulse decoded for 45057. 


100 REM X IS THE NUMBER TO BE OUTPUT 
110 H = INT (X/256) 

120 POKE 45057, H 

130 POKE 45056, INT (X-H*256) 


In line 110 the high order bits are generated. Dividing by 256 shifts 
the number 8 binary places to the right. Converting it to an integer 
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SELECT 1 (74154) 


SELECT 0 (74154) 0 


Fig. 6-11. A 16-bit output port. 


drops off all of the digits to the right of the decimal place which repre- 
sa the original eight low-order bits. In line 130 the oe ees 
bits are generated by shifting H eight bits to the left to create the es a 
nal number less, of course, the low-order eight bits, which were lo 
in the conversion to an integer. By subtracting this from the origina 
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number X, the difference will be the eight low-order bits. You must 
be sure that X will not exceed 65535 in this program or information 


will be lost since 17 bits would then be required to output a number 
that large. 


Using A 6520 Peripheral Adapter 


The MOS technology 6520 (or the Motorola 6821 which can be 
substituted) peripheral adapter (PA) is a large-scale integrated cir- 
cuit which incorporates all of the circuitry required to provide two 
8-bit parallel ports each of which can be programmed as either 
inputs or outputs. In addition four general purpose flags: CA1, CB1, 
CA2, and CB2 are provided on the chip. While the former two flags 
are inputs only, the latter two can be programmed to be either inputs 
or outputs. The peripheral adapter occupies four consecutive address 
locations which are internally decoded from the address lines AO and 
Al. Organization of the 6520 PA is similar to the user port’s 6522 
VIA as was described in Chapter 3. Basically the 6520 has two iden- 
tical channels, A and B, each having three internal registers. These 
include a control register in which various bits program the functions 
of the two flags, a data direction register that indicates which bits of 
the parallel port will be inputs and which will be outputs, and the I/O 
port itself. 

For details in programming the 6520 the user is directed to the 
6520 product announcement bulletin from MOS Technology, Inc., 
Valley Forge Corporate Center, 950 Rittenhouse Road, Norristown, 
PA 19401. 

Fig. 6-12 shows how the 6520 can be implemented in the PET. 
The address lines AO and Al are decoded within the 6520. Address 
lines Al1-A2 must be decoded externally. In this example a 
SN74154, 1-of-16 decoder, was used to decode address lines A2—A5 
and provides a possible starting address for the PA at every fourth 
address between 45056 and 45116. Since the decoding is incomplete, 
the PA will be found at every sixty-fourth location from its starting 
address in the 4K block served by SEL B. Complete decoding if de- 
sired could be accomplished by decoding A6-A11 with a 7430 eight 
input NAND gate and appropriate inverters. 

The 6520 has capabilities for causing interrupts of the 6502 micro- 
processor in the PET. Interrupts are not easily programmed in BASIC 
and it is best not to connect lines IRQ A and IRQ B unless your appli- 
cation specifically requires interrupt capabilities. Peripheral adapters 
reduce the number of integrated circuits in an interface and are very 
versatile. Programming PAs is a little more cumbersome than for 
interfaces using latches or buffers, however, since data direction regis- 


ters and control registers must be initialized by the program before 
they can be used. 
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Fig. 6-12. A 6520 peripheral adapter connected to the PET memory expansion bus. 


161 


413 TO WRITE 
4 [13 STROBE 1 
16 
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© STROBE 1 » TO WRITE 
413 STROBE 3 
, WRITE 2 18 
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4 STROBE 2 15) UNUSED 
WRITE C5 0, on 
10 STROBE 3 SN74LS75 |_9., } EXPANSION 


Fig. 6-13. Two channel digital to analog converter for 


A Two Channel Digital to Analog Converter 


An interesting application for the PET is to generate a variable 
voltage output rather than a digital output. This can be done with a 
DAC. The DAC takes a digital input and puts out a voltage which is 
proportional to the binary code on its input. Such a device is the 
Motorola 1408 or its substitute the Analog Devices AD559. This 
IS a very accurate 8-bit DAC which retails for about $10.00. If 
two channels of digital to analog conversion are available, the PET 
can be connected to an x-y plotter for hard copy graphics. Analog 
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output is also useful in process control applications where an analog 
signal is required. For example, the PET can operate a motor speed 


control. 


Fig. 6-13 shows a two channel DAC for the PET. Two 8-bit 
output ports are used, one for each DAC. A third 4-bit port is 
present to provide a pen-lift signal. The three remaining flags on the 
third port are unused and are available for any additional application 
you may have. Strobe pulses are generated from the SN74154 address 
decoder on the breadboard. Three consecutive addresses are used. The 
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first address is the x channel, the second address is the y channel, and 
the third address (bit 0) is the pen-lift. 

Programming is simple. Assume that the x channel is decoded for 
address 45056, the y channel for address 45057, and the pen-lift for 
address 45058. A POKE statement to 45056 will cause the output of 
the x channel to go to a voltage which is proportional to the second 
argument of the POKE statement. A full-scale output of 10 volts will 
result with an argument of decimal 255 and an output of 0 volts for 
an argument of 0. The y channel is similarly controlled by POKE 
statements to 45057. The pen-lift will go to a logic high in response 
to the command: POKE 45058, 1; it will go to a logic low in response 
to the command: POKE 45058,0. Fig. 6-14 shows the two channel 
digital to analog converter along with the ADC0816 analog to digital 
converter built together on a single card. Notice how it draws address 


decoding from the breadboard via the ribbon cable jumper in socket 
B6. 


Fig. 6-14. A combination two channel DAC and 16 channel ADC all built on a 
single small card. 


CHAPTER / 


Some Handy Interfacing 
Hints and Kinks 


In the previous chapters we have explained how to perform input 
and output operations through both the user and the memory expan- 
sion ports. In this chapter we will outline some hardware and soft- 
ware solutions to problems which are commonly encountered when 
interfacing various devices to either of these ports. 


BINARY CODED DECIMAL 


We have already explained the difference between ASCII and 
binary data types. A third data type which is commonly encountered 
when interfacing devices to the PET is the binary coded decimal, often 
abbreviated bed. Virtually all devices using a digital display, such as 
voltmeters, pH meters, etc., employ a bed data format internally to 
control the display. Furthermore, many such devices have these sig- 
nals available externally on a connector to facilitate interfacing. Such 
devices are easy to interface to the PET once their theory of operation 
IS understood. 

Binary coded decimal is, as its name suggests, a combination of 
both base 2, binary and base 10, decimal. The signal is arranged into 
decimal digits but each decimal digit is represented by a 4-bit 
binary code. Thus, the number 256 would be represented in bcd as: 


0010 0101 0110 


The left-most fou 


5 r bits code for the 2, the next four bits code for the 


and the right-most four bits code for the 6. The bcd format is popu- 
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SOCKET BG 
DIGITAL 


ON THE 
VOLTMETER BREADBOARD 


1 00 


D1 


D2 


D3 


PLUS/MINUS 


DATA VALID 


DIGIT, 1999 


ADDRESS 45057 


Fig. 7-1. An interface for inputting 3/2 digits of binary coded decimal. 
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lar because it is ideal for driving digital displays, since each digit re- 
quires a 4-bit signal. 

Fig. 7-1 shows a typical bcd interface to the PET. Because most 
digital displays built in the past 10 years use TTL logic, the logic 
levels will most likely be compatible with the PET. That is, +5 volts 
represents a 1 and O volts represents a 0. In this case the three and 
one-half digit display is read as two separate bytes. The first byte 
receives the eight signal lines for the left two digits, the ones and the 
tens. The second byte receives signals from the hundreds digit on bits 
0-3 and the single bit representing the half digit, the thousands, on 
bit 6. The half digit is the most significant digit of the display. The 
second byte in this example also receives a sign signal on bit 4 and a 
data-valid signal on bit 5. The latter signal is used to prevent the PET 
from trying to sample the display during an update when the display 
is in transition. 

The example shown is interfaced through the memory expansion 
port but it could just as easily be done through the user port. The user 
port approach would require a 2-byte shift register arrangement as 
outlined in Chapter 3. 

The data is converted from bcd into the internal binary of the PET 
by the simple program shown below. This is accomplished by evaluat- 
ing each 4-bit digit and multiplying it by its decimal weight. Note 
the timing sequence. The program repetitively samples the data and 
checks the data valid bit in lines 12 and 15. It does this until it gets a 
data-not-valid signal, bit 5 low, and then proceeds to line 20. Lines 
20-25 continue to check the data-valid bit. When a high is detected 
on this bit, the data is considered valid. This timing arrangement as- 
sures that both bytes are sampled early in the data-valid cycle and 
are, thus, both valid. Line 30 does the actual conversion from bcd. 


5 REM ***BCD CONVERSION 3 1/2 DIGITS*** 

6 REM ONES ON BITS 0-3, X. TENS ON BITS 47, X. 

7 REM HUNDREDS ON BITS 0-3, Y. PLUS ON BIT 4, Y. 

8 REM DATA-VALID ON BIT 5, Y. THOUSANDS ON BIT 6, Y. 

10 L=45058: M=45057:P = 32 

11 REM WAIT FOR DATA-VALID 

12 Y=PEEK(M) 

15 IF YANDP THEN 12 

20 Y=PEEK(M) :X=PEEK(L) 

22 REM WAIT FOR DATA VALID 

25 IF (YANDP)=0 THEN 20 

29 REM CONVERT M AND L TO BCD 

i hae (XAND15)+(XAND240)/1.6-+(YAND15)* 100+ ((YAND64)/64 
0 

38 REM CHECK SIGN BIT 

40 IF (YAND16)=0 THEN J=—J 

50 PRINT J 

60 GOTO 12 
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GRAPHIC PLOTTING USING DIGITAL 
TO ANALOG CONVERTERS 


In Chapter 3 and in Chapter 6 we presented digital to analog con- 
verter (DAC) circuits which can be attached to either the user port 
or the memory expansion port. Both of these examples showed how 
to implement two channels of DAC plus a programmable flag. A 
practical as well as interesting application for these Circuits is to create 
graphic output using an analog X-Y plotter. This is accomplished by 
connecting the output of one DAC to the X axis of the plotter, the 
output of the other DAC to the Y axis of the plotter, and the flag to 
the pen-lift. 

The heart of any plotting package is a subroutine which draws a 
vector, that is, a straight line between any two points on the plot. 
Such a subroutine appears in the program below starting with line 
1000. In this example the X DAC is at address 45058 and that for 
the Y DAC is at address 45059. Line 1080 should be changed appro- 
priately if your DACs reside at some other address. The pen-lift is 
controlled in this example by POKES to address 45060. A zero value 
for Z lifts the pen and a.one drops it. If another address is used for 
the pen-lift flag, line 1002 should be changed as well. 

The subroutine draws a straight line from the pen’s previous posi- 
tion to the new location determined by the coordinates of X and Y. 
If Z is equal to zero when the subroutine is called, the pen is lifted 
before the pen is moved so that no line results. If Z has a value of one 
the pen is lowered before the move so that a straight line will be drawn 
between the old values of X and Y and the new values of X and Y. 
The line is drawn by calculating closely spaced points along the de- 
sired line and successively outputting the X and Y coordinates of 
those points in rapid succession. Values of X and Y must be appro- 
priately scaled to fall within the range of 0-255. Lines 5—160 contain 


an example program which calls the subroutine to draw the parabola 
shown in Fig. 7-2. 


5 REM DRAW THE AXIS 

10 Z=0:X=0:Y=200:GOSUB 1000 
20 Z=1:X=0:Y=0:GOSUB 1000 
30 X=200:Y=0:GOSUB1000 

35 REM DRAW THE HASH MARKS 
40 FORI=1TO5 

50 Z=0:X=0:Y= 40*1:GOSUB1000 
60 Z=1:X=10:GOSUB1000 

70 NEXT | 

80 FORI=1TO5 

90 Z=0:Y=0:X= 40*I:GOSUB1000 
100 Z=1:Y=10:GOSUB1000 

110 NEXT 1 

120 REM DRAW THE CURVE 


(A) Pen-lift was disabled to illustrate the sequence of the plotting. 


(B) Pen-lift was reenabled to produce the finished plot. 
Fig. 7-2. A plot generated by the vector program. 


130 X=0:Y=0:Z=0:GOSUB1000 

140 FOR |=1TO20 

150 Z=1:X=1*10:¥ =(If2)/2:GOSUB1000 
160 NEXTI:Z=0:GOSUB1000 

170 STOP 

1000 REM ***VECTOR SUBROUTINE*** 
1001 REM V3 IS X OLD,V5 IS Y OLD 


1002 POKE 45060,Z:REM SET PEN 

1005 V4=X—V3:V6=Y—V5 

1006 REM VI IS THE HYPOTENUSE 

1010 V1=SQR((V4)t2+(V6)t2) 

1019 REM CHECK FOR ZERO DISTANCE MOVE 
1020 IF VI<ITHEN GOTO1090 

1030 REM SET UP LOQP 

1040 V7=V4/V1:V8=V6/V1 

1050 FOR V9=1TO V1 

1060 REM V7 IS THE X INCREMENT,V8 THE Y 
1070 V3=V3+V7:V5=V5+V8 

1080 POKE 45058,V3:POKE 45059,V5:NEXTV9 
1090 V3=X:V5=Y , 
1100 RETURN 

READY. 


In the above program the parabola was drawn by breaking the 
curve into 20 short line segments. More complex functions can best 
be plotted by simply calculating successive values of X and Y at 
closely spaced intervals. The following program illustrates this princi- 
ple by plotting a rose. This interesting program was adapted from 
Michael Zorn’s Superrose program in April, 1979 Creative Computing 
pp 98-99. Set A and B equal to integers in the range of 1 to 10 with 
A less than B. Fig. 7-3 shows some plots generated by the program. 


35 Al=45058: A2=45059 

36 L=10:M=128 

37 Z=12 

38 K=12.5 

39 X% =0:Y% =0:GOSUB 1000 
40 T=3 

41 INPUT “A<B”;A,B 

100 FOR TH= OTO2*pi STEP pi/180 
107 R=Z*SIN(TH*T) 

110 X% =L*R*COS(A*TH) 

115 Y% =L*R*SIN(B*TH) 

120 GOSUB 1000 

130 NEXT TH 

140 GOTO 41 


1000 POKE Al,X%+M: POKE A2,Y%+M: RETURN 


A SIMPLE ANALOG TO DIGITAL 
CONVERTER USING A DAC 


- We have demonstrated how to implement the ADC0816 analog to 
igital converter (ADC) to both the user and the memory expansion 
ai If you already have built a digital to analog converter (DAC), 
Toe DAC can be made to work as a simple and inexpensive 
for is od d the addition of just one analog comparator. The compara" 
DAG added to the circuit as shown in Fig. 7-4. The output of the 

18 compared to the analog input voltage by the comparator and 
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Fig. 7-3. Plots generated by the rose program. 


the status of this comparison is sent to the PET via an input flag. The 
output of the DAC is then manipulated until it equals the analog input 
voltage. This is accomplished by changing the voltage on the DAC 
and checking the status of the flag to see if a “match” had occurred. 

Two algorithms can be used to cause the DAC output to match the 
analog input. The first, and simplest, is the RAMP type of convergence 
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Fig. 7-4. The use of a comparator to sense the relationship between the output 
of a DAC and an unknown voltage. 


as shown in the following program. In this program the DAC is as- 
sumed to reside at address 45058 and the input flag is assumed to 
reside on bit 7 of address 45056. 


1 REM ****RAMP TYPE ADC**** 

5 D=45058:A= 45056:K= 255:S=0:Q= 128 
10 FOR |=5 TO K:POKE D,I 

20 IF PEEK (A) AND Q THEN X=1:1=K 
30 NEXT | 

40 PRINT X 

50 GOTO 10 


The DAC is caused to increase its output until the comparator indi- 
cates that it has crossed the input voltage. This algorithm is slow, 
however, since the PET may have to complete the loop 255 times be- 
fore a crossing is detected. Also, the time between samples is not con- 
stant since the higher the input voltage, the longer it will take to 
achieve a match. 

A much more efficient method of convergence is shown in the fol- 
lowing program. In this program each bit of the DAC is set high, or 
low, as is appropriate, starting at the most significant bit, bit 7, and 
working to the right. Thus, in only eight passes through the loop all 
bits will be properly set. This program will result in several conver- 
sions per second and the sampling interval is constant regardless of 
the input voltage. 


1 REM ****SUCCESSIVE APPROXIMATION ADC**** 
5 D=45048:A= 45056:K= 255:S=0:Q= 128 

6 K3=2 

8 X=Q:Y=K2 
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1OFOR 1=1TO8 

20 POKE D,X+Y 

30 IF PEEK(A)JANDQ THEN 40 
35 Y=X+Y 

40 X=X/K3:NEXT | 

50 PRINT Y: GOTO 8 


HANDLING ASCII-TYPE DATA THROUGH THE 
USER OR THE MEMORY EXPANSION PORTS 


Peripheral devices which transfer ASCII-type data, such as card 
readers, tape readers, keyboards, printers, etc., should, when possible, 
be interfaced to the IEEE 488 port as described in the next chapter. 
The advantage is that the IEEE port supports the PRINT# and IN- 
PUT# commands which simplifies programming. It is possible, how- 
ever, to transfer ASCII-type data through the memory expansion or 
the user port with the aid of the string functions which are present in 
PET BASIC. This section will show you how this can be done. 

ASCII data in the PET is transferred in units called records. A 
record is a series of ASCII characters followed by an end-of-record 
character, in most cases a carriage return. In the PET up to 255 
characters can be carried under one string variable so that it is con- 
venient to assign one record to each string variable. A string variable 
in a BASIC program is denoted by a letter followed by a “$”. 


ASCIl Output 


Before a string can be output it must first be assembled into the 
proper order. Suppose you want to output the equivalent of the fol- 
lowing PRINT statement to a device on the user or the memory ex- 
pansion port: 


PRINT “THE SQUARE ROOT OF”, Z, “IS”, SQR (Z) 
The following code assembles the string under the variable A$. 
100 A$= “THE SQUARE ROOT OF” + STR$(Z)+“IS” +STRS(SQR(Z)) 


In this case the message portion was defined by enclosing it in quotes. 
The numerical quantities were converted to ASCII coded decimal for- 
mat by the STR$ function. 

To actually send the message, you must first find out how many 
characters are present in the string. This is done with the LEN func- 
tion. You then must set up a FOR-NEXT loop to output the string 
one byte at a time as shown. The following code assumes that the 
device resides at address X. 

110 FOR | = 1 TO LEN (A$) 

120 REM PUT TIMING HANDSHAKE HERE IF NEEDED 

130 POKE X, MID$(A$,1,1) 
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140 NEXT | 
150 POKE X, 13, POKE X, 10 


Line 150 sends the ASCII codes for a carriage return (13) and a line 
feed (10) to signify an end of record. Ifa device-ready flag must be 
checked before outputting the data, it should be done in line 120. 


ASCII Input 


A similar system is used for inputting data. Suppose you wish to 
duplicate the following INPUT statement. 


INPUT A$ 


This statement expects an ASCII string of up to 255 characters termi- 
nated by a carriage return. The following code duplicates this state- 
ment for input from a device interfaced at memory location X. 


100 A$="" 


110 REM PUT TIMING HANDSHAKE HERE IF NEEDED 
120 B$=CHAR$(PEEK (X)) 

130 IF B$=CHR$(13) THEN 160 

140 A$ = A$ + BS 

150 GO TO 120 

160 


Line 110 is reserved for any timing handshake that might be 
needed, such as a waiting for a data-ready flag. Line 130 checks each 
character to see if it is a carriage return which would signal an end 
of record. When the carriage return is detected the program jumps to 
the start of your program, located at line 160, having stored the 
complete string under the variable A$. 

Inputting numerical data is more complicated since it must be con- 
verted from the ASCII coded decimal representation to the binary 


format which the PET uses internally. The string function VAL will 
do this automatically. The statement 


INPUT Z 


could be duplicated by the above program plus the following addi- 
tional statement: 


160 Z=VAL (A$) 


If strings and numbers are to be input in the same record, then you 
will have to have the program search the input and separate the string 
into a message portion and a number portion. This is important, since 


the VAL function will return a zero if the string it contains has char- 
acters other than just numbers in it. 
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INTERFACING TO HIGH POWER 
AND OTHER NON-TTL DEVICES 


In most of our experiments, the input signals came from manual 
switches and the outputs went to LEDs. In your real world applica- 
tions, you may want to interface your PET to devices which do not 
operate on TTL logic levels. For these applications it is useful to know 
how to control high power ac and dc loads with the TTL outputs from 
the PET. Similarly you will also want to know how to make the PET 
sense non-TTL voltages for input. 


Controlling Direct Current Devices 


One of the first things to consider when you want to use a TTL 
output signal to control an external device is whether you want the 
device to be active when the output signal is high or active when the 
output signal is low. It is advantageous to design the driver circuits 
for external devices so that the device is active when the control signal 
is a logic low. This is especially important for devices interfaced to 
the user port. 

The PET powers on with the user port PA signals as inputs. Between 
the time that the PET powers on and the time that you can configure 
the DDRA for output, the signal lines that control the external device 
are in the input mode and at a logic high. If the driver circuits were 
designed to activate the external device when the control signals were 
at a logic high, there would be uncontrolled operation of the device 
between power on and the initialization of the DDRA. It is also im- 
portant to remember that the ORA will initially contain the value of 
00000000 when the PET powers on. You should set the value of the 
ORA to 11111111 before you enable the DDRA as an output. This 
will permit the output signals to remain at a logic high when the PA 
signals are switched from inputs to outputs, before you actually con- 
trol the signal lines from your program. 

Fig. 7-5 shows a simple driver circuit for a dc device where the de 
voltage in the driver circuit is less than 40 volts and the load current 
is less than 500 milliamperes. If the load is inductive, such as a relay 
coil, the diode is required to suppress inductive spikes. 

Fig. 7-6 shows a more powerful driver capable of 1 ampere at 
60 volts. 


Controlling Alternating Current Devices 

Solid-state ac relays make the interfacing of ac devices to a com- 
puter easy. Fig. 7-7 shows a low-cost solid-state ac power relay ca- 
pable of switching 1.5 amperes at up to 280 volts ac. The solid-state 
relay of Fig. 7-7 can be operated from a TTL logic signal. Solid-state 
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Fig. 7-5. A driver circuit which allows de loads up to 500 mA to be controlled 
by a TUL output. 
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TIP 110 
DARLINGTON 
DRIVER 


Fig. 7-6. A driver circuit which allows dc loads of up to 1 ampere to be controlled 
by a TTL output. 


relays capable of handling more than 40 amperes of ac current are 
available at moderate cost. 

A solid-state relay has an input section, which typically consists of 
either a reed relay or an infrared LED. When the control signal iS 
present, the reed relay, or the infrared LED, through a phototransis- 
tor, causes a triac to conduct. Because the contacts of the reed relay 
are in a glass tube, away from the control coil, or because an input 
LED controls a phototransistor, by a light-path only, complete isola- 
tion of the ac power from computer signals is achieved. 
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Fig. 7-7. A driver circuit capable of switching ac loads of up to 1.5 amperes. 
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—10V TYPICAL OPERATION 
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THE +15 VOLT LEAD AND THE —15 VOLT LEAD MAY 
BE CONNECTED TO +5 VOLTS AND GROUND RESPECTIVELY. 


Fig. 7-8. An LM311 comparator allows TTL inputs to be switched by voltages 
anywhere in the range of +15 to —15 volts. 
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Sensing non-TTL Voltages 


Many applications require the PET to sense the status of a voltage 
which does not conform to the normal TTL signal requirements. The 
signal source may either be of such a high impedance that it will not 
drive a TTL input or its voltage may be in a range outside of the 
normal 0-5 volts required to switch TTL. Most of these problems can 
be solved with a voltage comparator such as the LM311 (or the 
LM111). The LM311 compares the voltage on its two inputs. If the 
voltage on the noninverting input is above that on the inverting input 
the output is +5 volts, a logic one. If the voltage on the inverting input 
is the highest, then the output is zero volts, a logic zero. The compara- 
tor is very sensitive and just a few millivolts difference between the 
two inputs can be detected. 

Fig. 7-8 shows the comparator in a typical application. The thresh- 
old for a high-to-low transition is set by the potentiometer. The po- 
tentiometer should put a voltage on the noninverting input which is 
approximately half way between the two voltage states of the external 
device. This circuit will operate with input voltages between +15 and 
—15 volts and will only draw a few microamperes from the source. 
If the input voltage is between 0 and +5 volts, the positive and the 
negative power leads may be connected to +5 volts and ground re- 
spectively. If the input voltage exceeds the +15-volt range of the 


LM311, then it should be attenuated with a resistor network to bring 
it into that range. 
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CHAPTER 8 


Interfacing to the 
IEEE 488 Port of the 
PET Computer 


One of the most important differences between the PET computer 
and other personal and small-business computers is the IEEE 488 in- 
terface bus. On the PET computer, the IEEE 488 interface bus is 
implemented as a specified set of signals present on the J1 connector. 
But just what is the IEEE 488 interface? 

The IEEE 488 interface is a part of the PET I/O, in which the in- 
put and output signals must conform to rigid standards. The standards 
for these signals are, in fact, an American National Standard. The 
actual title for the standard is as follows: IEEE Standard Digital In- 
terface for Programmable Instrumentation (IEEE Std 488-1975). 

The initials, IEEE, refer to the Institute of Electrical and Electron- 
ics Engineers, Inc. A complete explanation of the IEEE 488 standard 
is beyond the scope of this book. This chapter will present a layman’s 
look at IEEE 488 interface bus operation. For complete information, 
we recommend that you obtain the publication An American National 
Standard, IEEE Standard Digital Interface for Programmable Instru- 
mentation, published by the Institute of Electrical and Electronics En- 
gineers, Inc., 345 East 47th Street, New York, NY 10017. 

The history of the IEEE standard is interesting. The actual ground- 
work for the IEEE 488 interface was done by the Hewlett-Packard 
Company, when it developed the signal conventions for use in its 
broad line of digital instrumentation and scientific equipment. For this 
reason, the IEEE 488 interface is sometimes referred to as the Hew- 
lett-Packard Interface Bus (HPIB) or the General Purpose Interface 
Bus (GPIB). The HPIB interface design was proposed to the Ameri- 
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can National Standards Institute (ANSI) by the Institute of Electrical 
and Electronics Engineers as a standard method for the interconnec- 
tion of digital devices. 

The IEEE 488 interface bus permits three types of functions in the 
devices that are connected to the bus. These device functions are con- 
troller, listener, and talker. A single device can have more than one 
function. For example, the PET computer can be a controller, a lis- 
tener, or a talker. A printer would be a listener; a keyboard would be 
a talker. A modem would be a listener and a talker. Another feature 
of the IEEE 488 bus is that it permits multiple devices to be connected 
to it. Each device has a specific listen code and talk code, known as a 
listen address or a talk address. Still another feature of the bus is that 
it can permit multiple listeners to listen to a single talker, and it can 
allow a controller to select different talkers and listeners. Fig. 8-1 
shows several IEEE 488-compatible devices connected by the IEEE 
488 interface bus. 

The IEEE 488 interface bus permits the complete handshaking of 
data, even between multiple listeners. Obviously, IEEE 488 capabili- 
ties require IEEE 488 compatibility; and the compatibility must be 
provided by some intelligent logic circuits. The circuits that provide 
the IEEE 488 compatibility add additional costs to IEEE 488 devices. 
The design of the circuits for IEEE 488 devices is too complex for all 
but the most advanced hobbyists or professional design engineers. 
Then what is the advantage of using the IEEE 488 bus? 

The main advantage of the PET IEEE 488 interface bus is the fact 
that the operating system of the PET treats any IEEE 488 device as 
just another file. This means that the BASIC software required to in- 
terface IEEE 488 devices is considerably simplified. For example, in 
the experiments with the user port, you found that several BASIC 
statements were required to interface a parallel printer to the user 
port. To print a string at the user port, it was necessary to calculate 
the ASCII value of each character in the string, and store the ASCII 
values of each character, in sequence, at the memory address for the 
user port. It was also necessary to properly control the handshake 
signals. With an IEEE 488 printer, after proper file initialization, a 
simple PRINT# statement is all that is required to print a string to 
the printer. The BASIC INPUT# and GET#¥ statements are also used 
with IEEE 488 devices to input data from the bus. In other words, 
when you interface with IEEE 488 devices, the PET operating system 
handles all the I/O automatically. 


THE IEEE 488 SIGNALS 


Fig. 8-1 shows three different classes of IEEE 488 signals: data sig- 
nals, handshake signals, and interface management signals. All of the 
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DATA SIGNALS 


DAV 
NRFD } HANDSHAKE 
NDAC | SIGNALS 
IFC 

ATN | \NTERFACE 
SRQ } MANAGEMENT 
REN} SIGNALS 


£0) 


181 


IEEE 488 signals are active-low signals, with the exception of the 
NRED and NDAC handshake signals, which are active-high signals, 
The significance of the active-high NRFD and NDAC signals will be 
explained in detail in this chapter. All of the other signals are active 
when they are a logic low, or approximately 0 volts. 

There are five interface management signals: interface clear (IFC), 
attention (ATN), service request (SRQ), remote enable (REN), and 
end or identify (EOI). The IFC signal is used to send all devices on 
the interface bus to an idle condition, generally during the “power-on” 
cycle of the interface bus controller. The IFC signal from the PET 
computer goes to a logic low, or true, for about 100 milliseconds, 
when power is first applied to the PET computer. This is required, 
because the PET, as the controller of the interface bus, expects each 
device to be in an idle state when it starts to control the interface bus. 

The ATN signal is the signal that tells each device on the interface 
bus that the data on the data bus is to be interpreted as an instruction, 
rather than as data. For example, when the data on the data bus is 
equal to the ASCII character “$” and the ATN signal is true, or low, 
the data is not to be interpreted as an ASCII “$”, but as a special 
command. 

The SRQ signal is used by a device to signal the controller that the 
device requires service. In the PET computer, the SRQ signal is avail- 
able in the hardware, but there are no routines in the operating system 
to handle the SRQ signal. A clever assembly language programmer 
could program routines to permit the PET to recognize the SRQ sig- 
nal. The recognition of an SRQ signal is not necessary to the opera- 
tion of the IEEE 488 interface bus from BASIC. 

The REN signal is a signal to enable the remote devices on the in- 
terface bus. When the signal is true, or a logic low, the devices on the 
interface bus are enabled. In the PET computer, the REN signal is 
permanently tied to a logic low, or true signal. 

The EOI signal has two functions on an IEEE 488 interface bus— 
end and identify. The identify function of the EOI signal is used with 
some IEEE 488 operating modes that are not available with the PET 
computer and are beyond the scope of this book. The end function of 
the EOI signal is used to signify the last data byte transfer of a data 
transfer sequence on the interface bus. For example, when a string of 
characters is sent on the bus, the last character will be sent with the 
EOI signal true, or a logic low. 

The five interface management signals are the signals that are used 
to set up the operation of the devices on the interface bus. The ATN, 
IFC, and EOI signals are of prime importance to the proper operation 
of the TEEE 488 interface bus with the PET computer. The PET com- 
puter is not programmed to respond to the SRQ signal, and it holds 
the REN signal permanently true. Also, the PET computer is Pro 
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grammed so that it must always be the controller of the interface bus. 

The second set of signals on the IEEE 488 interface bus are the 
handshake signals, data valid (DAV), not ready for data (NRFD), and 
not data accepted (NDAC). When data is transferred on the bus, it is 
always transferred from a single talker to at least one listener. The 
device that is the talker has complete control over the DAV signal. 
The DAV signal is made a logic low, or true, by the talker on the bus 
when the data from the talker is valid. 

Each active listener has control over the NRFD and NDAC signals. 
The NRFD and NDAC signals are true when they are a logic high. 
When the NRFD signal is high, or true, the active devices are ready 
to accept data from the talker. The “not” in the signal name does not 
refer to the ability of the device to perform the function, but rather, it 
reflects the fact that the signal is an active-high signal when all of the 
rest of the signals on the interface are defined as active-low signals. 
This unfortunate naming convention can lead to some confusion. 

Likewise, when the not data accepted signal (NDAC) is a logic 
high, it signals to the talker that all active listeners have accepted the 
data on the data bus. 

The final set of signal lines are the eight data lines, known as DIOL 
to DI08. The data on the data lines is the data to be transferred from 
talkers to listeners, or from a controller to listeners and talkers. When 
the ATN signal is true, the data must be interpreted as a command 
from the controller of the bus to every device on the bus. The data on 
the data bus is sent negative true or active-low. For example, the null 
byte of 00000000 is sent as 11111111, or all highs, on the DIO1 to 
DI08 signal lines. 


THE DIFFERENCES BETWEEN IEEE 488 
AND SERIAL COMMUNICATIONS 


On the IEEE 488 interface bus, the data is sent in a parallel man- 
ner, eight bits at a time. Eight signal lines are required for the data 
signals alone. Additional signal lines are required for the handshake 
and management signals. All in all, the IEEE 488 standard requires 
24 separate signal lines (some of which are shields or grounds) for 
the interface bus. All these signal lines are required for the maximum 
speed of data transfer, which can be as high as 1 million bytes or char- 
acters per second. The PET, of course, would transfer the data at a 
slower rate, perhaps 4 or 5 thousand bytes per second. 

The RS232 serial communications scheme requires, at most, seven 
separate signal lines. Because the serial transmit-data is sent on one 
line, and the receive-data is sent on another line, and because, in many 
cases, handshaking is not required, fewer signal lines are required 
with RS232 communications. The highest standard serial communica- 
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tions speed is 9600 baud, which corresponds to 960 characters per 
second, While this speed would be perfectly acceptable for a printer, 
it would be intolerably slow for a disk device. At 960 characters per 
second, it would require over 8 seconds to save or load an 8K pro- 
gram from an RS232 signal line. 

Because of the relatively large number of signal wires required, and 
because of the higher data throughput of the IEEE 488 interface, the 
transmission distances are limited to approximately 60 feet. The IEEE 
488 interface bus is clearly a communications bus for data transfers 
over short distances, at high rates, in an electrically quiet environment. 
The RS232 serial communications (which the PET computer does 
not directly provide) is used for data transfers over longer distances, 
at slower speeds, in environments that might have more electrical 
noise. 


IEEE 488 INTERFACE COMMANDS AND MNEMONICS 


Although there are a greater number of IEEE interface commands 
and corresponding mnemonics, the PET computer, as the interface 
bus controller, generates only a small subset of these signals. A mne- 
monic is a three letter name given to a set of signal conditions by the 
IEEE 488 standard, which causes specific actions on the IEEE 488 
interface bus. The signals that the PET generates or responds to and 
the associated mnemonics are as follows: 


MLA(I) My Listen Address—This is the set of signals that causes 
an inactive listener with a device number equal to I to 
become an active listener on the bus. 

MTA(I) My Talk Address—This is the set of signals that causes 
an inactive talker with a device number of I to become 
the current and only talker on the bus. 

MSA(I) My Secondary Address—This is the set of signals that 

. permits an active listener on the bus to use the subse- 
quent data received on the bus in a specially defined 
manner. For example, for a printer to use the data as 
formatted ASCII data, or for a disk to use the data as 
binary data. 

UNL Unlisten—This set of signals causes the listeners on the 
bus to go to an idle state, until they are made active again 
with the MLA(I) interface command. 


UNT —-Untalk—This set of signals causes a current talker de- 
vice to stop talking and go to an idle state. 
IFC Interface Clear—This is a single signal that causes all 


devices on the bus to go to an idle state. 
DAB _—Data Byte—This is a set of 8 signals, DI01 to D108, that 
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represents a byte of data on the bus. If the DAB signal 
is present, and the ATN signal is true, then the DAB sig- 
nal is an interface command, and is not data. 

NUL The NUL mnemonic represents a special case of the 
DAB signal set where a null character, or binary 
00000000, is sent on the bus. NUL also represents no 
signal on the bus. 

EOI End—tThis signal may be present along with a DAB 
signal, if the signal is the last DAB in a transfer sequence. 

ATN Attention—This is the signal that causes the DAB signal 
to be interpreted as a command, rather than data. 

CSO() Commodore Secondary Open—This signal set is used by 
the PET to open a named file with a secondary address 
of I on the IEEE 488 bus. It is not a standard IEEE 488 
signal. 

CSC(Il) Commodore Secondary Close—This signal set is used by 
the PET to close a named file with secondary address of 
I on the IEEE 488 bus. It is not a standard TEEE 488 
signal. 


The best way to understand the IEEE mnemonic signals is to see 
how they are used in typical data transfers with BASIC programs. The 
LOAD, SAVE, OPEN, CLOSE, INPUT#, GET#, PRINT#, and 
CMD BASIC statements can generate IEEE 488 bus signals. The 
IEEE versions of the LOAD and SAVE statements do not work with 
all versions of the PET ROMs. 

The IEEE versions of the LOAD and SAVE statements are used 
primarily with Commodore peripheral devices, and are not covered 
in this book. 


BASIC STATEMENTS THAT USE 
THE IEEE 488 INTERFACE BUS 


To understand how certain BASIC statements cause signals on the 
IEEE 488 bus, you must first understand the concept of device/file- 
oriented I/O. 


The Concept of IEEE 488 Device/File-Oriented I/O 


It may come as a surprise to many programmers of the PET that 
all of the PET I/O, with the exception of the user port, is based on 
the concept of IEEE device/file-oriented I/O. The IEEE 488 stan- 
dard provides for a maximum number of 30 different logical device 
numbers on a given IEEE 488 interface bus. This does not mean 
that there can be 30 devices (the maximum is 15); it means that there 
is a selection of 30 different device numbers that can be used. 
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In the PET computer, the BASIC OPEN statement is used to tell 
the PET operating system what IEEE 488 device number is associated 
with a given file. For example, if you assign an IEEE 488 printer to 
device number four, the following OPEN statement will assign a PET 
file number of one to the IEEE device number four. 


10 OPEN 1,4 


After you execute the OPEN statement, the PET knows that when you 
PRINT to file one with the PRINT# 1 statement, the ASCII charac- 
ters must go to IEEE device number four. 

Although the IEEE 488 standard permits devices to be numbered 
from 0 to 30, the PET permits only devices numbered from 4-30. 
This is because the PET treats its primary I/O as IEEE 488 devices, 
even though they are not actually on the IEEE 488 interface bus. The 
PET uses devices 0 to 3 as follows: 


Device Number Pet 1/0 Device Type 
0 Built-in keyboard Talker only 
1 Tape #1 Listener/ Talker 
2 Tape #2 Listener/Talker 
3 CRT Display Listener/Talker 


The fact that the crt is a listener/talker may come as a surprise to 
many PET programmers. Although it is probably not a well known 
fact, it is easy to open the crt display of the PET as a file, and input 
data from the crt screen. If you wish to try this, the file pointer is the 
cursor. 


A Simple IEEE 488 Output Sequence 


Assume that you wish to send a string of ASCII characters to an 
IEEE printer at IEEE 488 device number seven. Assume that you 
have no other files open, and you wish to assign the printer, which is 
IEEE 488 device number seven, to PET file number one. The follow- 
ing statements would cause a complete data transfer of the ASCII 
string “ABC” on the bus. 


10 OPEN 1,7 
20 PRINT# 7, “ABC” 
30 CLOSE 1 


Table 8-1 shows the sequence of signals that are sent on the bus. 
In a simple IEEE 488 output sequence, when there is no secondary 
address or file name included in the OPEN statement, no bus signals 
are sent when the OPEN statement executes. When the PRINT# 1, 
“ABC” statement is executed, the operating system remembers that 
file #1 is associated with IEEE 488 device number seven. The PET 
becomes a controller of the bus, and sends the MLA7 set of bus sig- 
nals. The MLA7 message will cause the IEEE 488 listener that is pro- 
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Table 8-1. Simple IEEE 488 Output Sequence 


Occurs at PET power-on 
BASIC executes OPEN statement 


BASIC executes PRINT# 1, ‘’ABC’’ 
LLLLL = 11000 for on IEEE 488 
device 7 (0 = true) 


ASCII “A (0 = true) 


Pa er oe] mares 


ASCII “’C’’ (0 = true) 


ASCII CR’ (0 = true) 


ASCII “’LF’’ (0 = true) 
last data byte 
171703171 000000 Unlisten—idles all listeners 
BASIC executes Close | statement 


D 
D. 
D 
D. 
D. 
U 


NUL 


*The stote of this bit depends on the type PET that you have. 
1 = TTL logic high (IEEE 488 false). 
0 = TTL logic low (IEEE 488 true). 


grammed to be device seven to become active. The combination of the 
true ATN signal and proper data on the data bus causes the data bus 
information to be accepted by all devices as the MLA7 command. 

The PET then stops being a bus controller, and becomes a talker. 
The PET, as a talker, sends five data bytes, ASCII “A”, “B”, “C”, 
carriage return and line feed. Of course, an active listener, device 
seven in our example, would have to handshake each data byte from 
the bus. The line feed character is the last character in the data trans- 
fer sequence, so the EOI signal is sent true at the same time. 

The PET then becomes a bus controller, and sends the UNL com- 
mand, which causes all listeners to go to the idle state. With the UNL 
command, the data transfer sequence is complete. When there is no 
secondary address in the OPEN statement, the associated CLOSE 
Statement has no effect on the bus signals. 


IEEE 488 Bus Sequence with Secondary Listen Address 


The PET uses secondary addresses to extend the versatility of a 
single device on the IEEE bus. The same secondary address concept 
is used with the PET tape I/O. The following example of the PET 
tape I/O will help to explain the versatility of the secondary listen 
address on the IEEE 488 bus. 


187 


The operation of PET tape I/O closely parallels the operation of 
IEEE devices with both primary and secondary listen addresses. The 
BASIC statement to open the second tape cassette for writing data 
would be as follows: 


100 OPEN A, 2, C, D$ 


where A is the file number, C is the secondary address, and D$ is the 
name of the file. 

The secondary address for tape I/O can be 0, 1, or 2. If the second- 
ary address is 0, the file is opened for a read. If the secondary address 
is a 1 the file is opened for a write; and if the secondary address is a 
2, then the file is opened for a write and a special “end of tape” se- 
quence when the file is closed. In this example, the secondary address 
is used to direct the operating system to a special course of action 
when the file is closed. 

There are a number of ways in which a single or multiple second- 
ary addresses for a given IEEE device might be implemented. For 
example, the PET IEEE 488 printers use several secondary addresses 
for different functions, as follows: 


Secondary Address Function 

0 Print the data exactly as received 
] Print the data according to format 
2 Use the following data for format 
3 Set the number of lines per page 

4 Send printer diagnostic messages 

5 Define a programmable character 

6 Set the line spacing 


The secondary addresses on Commodore IEEE 488 devices are lim- 
ited to a range of 0 to 15, because the nonstandard CSO(I) mnemonic 
uses the 16-weight bit (DIO5) of the DAB. 

Assume that you wish to send an ASCII character to the secondary 
address of a listener device that has a primary address of 6, and a sec- 
ondary address of 7. The character can be sent in the OPEN statement 
or in the PRINT# statement. In our example, we will send the char- 
acter in both the OPEN statement and the PRINT# statement. The 
rege to be sent is the “A.” The following BASIC program is 
used: 


100 OPEN 5, 6, 7, “A” 
110 PRINT# 5, “A” 
120 CLOSE 5 


Table 8-2 shows the IEEE 488 bus sequence generated from the pro- 
gram shown above. 

When the PET executes the OPEN 5,6,7,“A” statement, it becomes 
a bus controller, and sends both the MLA6 and CSO7 signals. The 
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Table 8-2. IEEE 488 Output Sequence With Secondary 
Address and File Name 


Comments 


Occurs at PET power-on 


BASIC executes OPEN 5,6,7,"A”’ 
LLLLL = 11001 for an IEEE 488 
device 6 (0 = true) 


tCSO7 000008 8 S § SSSS = 1000 for an IEEE 488 
secondary address of 7 (0 = true) 
ASCII “’A’’ (0 = true) 
last data byte 
000000 Unlisten—idles all listeners 


BASIC executes PRINT#, ‘’A’’ 
LLLLL = 11001 for on IEEE 488 
device 6 (0 = true) 


SSSSS = 11000 for IEEE 488 
secondary address of 7 (0 = true) 


ASCII ‘’CR’’ (0 = true) 


ASCII “’LF’’ (0 = true) 
last data byte 


000000 Unlisten—idles all listeners 


BASIC executes CLOSE 5 
LLLLL = 11001 for IEEE 488 
device 6 (0 = true) 


tCSC7 100003185 8 § § SSSS = 1000 for IEEE 488 
secondary address 7 (0 = true) 


“The state of this bit depends on the type PET that you have. 

1 = TTL logic high (IEEE 488 false). 

0 = TTL logic low (IEEE 488 true). 

tT The PET permits these signal sets, which are similor to an MSA7 signal set, to open and close files on Commodore-designed pe- 
ripherals. These signals are not in accordance with the IEEE Std 488-1975 signal specifications. The nonstandard signals may 
Cause improper operation with standard IEEE 488 devices. 


MLA6 signals activate device number 6. The CSO7 signals enable a 
Commodore peripheral device to locate and open a file. In our exam- 
ple, the file named “A” will be located and opened. 

The PET then becomes a talker, and sends a DAB (equivalent to 
the ASCII character “A”), and the EOI signal true. The EOI is sent 
true because the single character is the last character. The usual car- 
riage-return and line-feed characters are not sent with the file name. 

The PET then becomes controller of the bus again, and sends the 
UNL command to idle all listeners. 
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When the PET executes the PRINT#5, “A” statement it first be- 
comes a bus controller, and sends the MLA6 and MSA7 bus signals. 
Then the PET becomes a talker, and sends three successive DAB sig- 
nals, consisting of the following ASCII characters: “A,” carriage re- 
turn, and line feed. Since the line-feed character is the last data byte 
in the transfer sequence, it is sent with the EOI signal true. 

The PET now becomes a bus controller, and sends the UNL com- 
mand to idle the listeners on the bus. 

Since the OPEN statement contains a secondary address, the PET 
sends some additional signals to the IEEE 488 bus when the file is 
closed. The MLA6 and CSC7 signal sets are used to close files on 
Commodore peripherals. It is unfortunate that these signals can inter- 
fere with the proper operation of standard IEEE 488 devices. 

Our recommendation is not to use a file name in an OPEN state- 
ment, unless you are using a Commodore IEEE 488 peripheral device. 
The following program demonstrates the use of a secondary address 
without the use of a file name. 


100 OPEN 5,6,7 
110 PRINT#S, “A” 
120 CLOSE 5 


Table 8-3 shows the IEEE 488 output signal sequence for secondary 
addressing without the use of a file name. Table 8-3 shows that the 
CLOSE 5 statement generates the nonstandard CSC7 signal set, even 
when no file name is used to open the file. 

We also recommend that you do not close a file that is opened with 
a secondary address, unless you are using a Commodore IEEE 488 
peripheral device. 


IEEE 488 Bus Output with the CMD Statement 


The PET provides for a special mode of operation that permits the 
operating system to change the primary output device from the crt to 
any device on the IEEE 488 bus. This mode of operation is enabled 
with the CMD statement. The format of the CMD statement is as 
follows: 

CMD N 


where N represents the logical file number corresponding to the IEEE 
488 device that is to become the primary output device. The logical 
file must be initialized with a prior OPEN statement. 

The most important use of the CMD statement is to obtain a listing 
of a program on an IEEE 488 printer. The following direct statements 
would be used to print a list on a printer addressed as device number 5. 

OPEN 1,5 


CMD | 
LIST 
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Table 8-3. IEEE 488 Output Sequence With Secondary Address 


Occurs at PET power-on 
BASIC executes OPEN 5,6,7 


BASIC executes PRINT# 5, ‘’A”’ 
LLLLL = 11001 for an IEEE 488 
device 6 (0 = true) 


SSSSS = 11000 for IEEE 488 
secondary address of 7 (0 = true) 


ASCII “A’” (0 = true) 
ASCII “CR” (0 = true) 


ASCII ‘’LF’’ (0 = true) 
last data byte 


BASIC executes CLOSE 5 
LLLLL = 11001 for IEEE 488 
device 6 (0 = true) 


7Osc7 } 1 10000318 8 S §$ SSSS = 1000 for IEEE 488 
secondary address 7 (0 = true) 


“The state of this bit depends on the type PET that you have. 

1 = TTL logic high (IEEE 488 false). 

0 = TTL logic low (IEEE 488 true). 

t The PET permits this signal set, which is similor to on MSA7 signal set, to open and close files on Commodore-designed periph- 
erals. This signal is not in occordonce with the IEEE Std 488-1975 signal specifications. The nonstandard signal may cause im- 
proper operation with standord IEEE 488 devices. 


Note that the CMD statement refers to the file number (1), and not 
to the IEEE 488 device number (5). 

The CMD 1 statement causes the operating system of the PET to 
direct all output from the primary output device (device number 3— 
the crt), to device number 5 on the IEEE 488 bus. After the printer 
listing is completed, the printer will print READY. The keyboard, 
which is echoed on the crt, will continue to respond normally, but the 
primary output device will remain as device 5. The device activated 
by the CMD command remains active because the IEEE 488 UNL 
(unlisten) signal is not sent on the bus. 

There are two effective methods to cancel the CMD statement and 
make the crt the primary output device. In the direct mode, cancel the 
CMD statement with an operating system error, such as SYNTAX 
ERROR. To create a syntax error, enter a nonexistent command, 
such as HALT. Actually, any operating system error will unlisten the 
IEEE 488 bus and initialize the PET for standard I/O. 

Another technique to cancel the CMD statement is to write a null 
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Table 8-4. IEEE 488 Output Sequence With CMD Statement 


Occurs at PET power-on 
BASIC executes OPEN 5,6 


BASIC executes CMD 5 
LLLLL = 11001 for an IEEE 488 
device 6 (0 = true) 


BASIC executes PRINT ‘’A’’ 
ASCII “*A’’ (0 = true) 
( 


ASCII ‘’CR’’ (0 = true) 


ASCII ‘‘LF’’ (0 = true) 
last data byte, but no £0! 


BASIC executes PRINT# 5, CHR$(0); 
LLLLL = 11001 for IEEE 488 
device 6 (0 = true) 


NUL ASCII NUL 
last data byte 
11017100 00 0 0 } Unlisten—idles all listeners 


“The state of this bit depends on the type PET that you have. 
1 = TTL logic high (IEEE 488 false). 
0 = TTL logic low (IEEE 488 true). 


character to the device activated by the CMD command. This tech- 
nique does not generate an operating system error, and can be used 


in a program. The following statement will send the null character 
and unlisten the bus: 


PRINT#1, CHR$(0); 


The following program will be used to illustrate the sequence of sig- 
nals on the IEEE 488 bus when the CMD command is used: 

100 OPEN 5,6 

110 CMD 5 

120 PRINT “A” 

130 PRINT# 5, CHR$(0); 


Table 8-4 shows the sequence of IEEE 488 signals for the above 
program. 

When the PET executes the OPEN statement, there is no action on 
the bus. When the PET executes the CMD statement, it sends the 
MLAG6 signal set on the bus. The CMD statement also redirects all 
output from the crt to the IEEE 488 bus. When the PET executes the 
PRINT “A” statement, the ASCII “A,” carriage return, and line feed 
go to the IEEE 488 bus instead of the crt. 
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Note that no EOI signal is given on the last byte of the PRINT 
statement, and no UNL signal is given after the last byte of the 
PRINT statement. At this point, additional PRINT statements 
would be directed toward the IEEE 488 bus. The MLA6 signal set is 
not required with each PRINT statement because device 6 remains 
addressed. 

The PET executes the PRINT# 5, CHR$(0); statement. Since 
the PRINT# statement references a numbered file, the normal IEEE 
sequences are used. The MLA6, the NUL DAB with EOI, and UNL 
signals are sent on the bus. The UNL signal unlistens device 6 and 
cancels the effect of the CMD command without an operating system 
error. 


IEEE 488 Input Sequence 


Two BASIC statements are used to input data from talker devices 
on the IEEE 488 bus. After the proper file initialization, the INPUT# 
or GET# statements can be used. The GET# statement inputs data 
from the bus, one character at a time, while the INPUT# statement 
inputs characters until it “sees” a carriage-return or an EOI signal. 
The following program could be used to input an ASCII string from 
a talker at device 6 on the bus: 


100 OPEN 5,6 

110 AA$=""" 

120 GETH#S5, A$ 

125 IF (ST) AND 2 THEN 120 

127 IF (ST) AND 64 THEN 150 

130 AA$=AA$+A$:GOTO 120 

150 REM AA$ IS THE INPUT STRING 


Program line 125 is required because of a rather tight timing con- 
straint imposed by the PET computer. This timing constraint is 
not in accordance with the IEEE Std 488-1975 specifications; how- 
ever, it is implemented in the PET. 

It appears that the designers of the PET did not want an IEEE 
488 input device to “hang up” the PET computer, in the event of a 
long delay in the response of the device. When the PET computer is a 
listener, it expects a true data valid (DAV) signal from the talker 
device within 65 milliseconds after it has indicated that it is ready 
to accept data. If the data is not available to the PET, as a listener, 
within 65 milliseconds, the PET will interrupt the normal IEEE 488 
signal sequence, and return with a NUL byte and a status error. 

If the talker device is, for example, an ASCII keyboard, valid 
data may not be present within 65 milliseconds. The operator of 
the keyboard must input a character within 65 milliseconds of the 
execution of the GET# statement, or a status error will occur. The 
status error is reflected in the value of the status variable ST, in the 
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PET computer. If the two-weight bit of the ST variable is set, an 
incomplete IEEE data transfer from the talker to the PET has 
occurred. 

In the input program above, program line 125 handles the problem 
with a slow (incomplete) data transfer. The program loops on the 
GET# statement until the ST variable indicates that the data transfer 
is completed. The actual string value input might be comprised of 
several characters, which are temporarily stored in A$. 

When the INPUT# statement is used instead of the GET# state- 
ment, the input data is stored, in sequence, in the input buffer of the 
PET computer. When a carriage return or an EOI signal is seen, the 
PET assigns all the characters to the string variable. 

There are two minor problems encountered when using the IN- 
PUT# statement. First, the PET does not like a null character or a 
carriage return in response to an INPUT# statement. When an 
initial null character, or a single carriage return is received in re- 
sponse to an INPUT# statement, the PET will crash. Second, if a 


Table 8-5. IEEE 488 Input Sequence Without Status Error 


Occurs at PET power-on 
BASIC executes OPEN statement 


BASIC executes PRINT# 5, A$ 
TTTTT = 11001 for an IEEE 488 
device 6 (0 = true) 


The talker provides data. 
ASCII ““A’’ (0 = true) 


ASCII “’C’’ (0 = true) 


The talker provides the string 
delimiter character (ASCII ‘’CR’’). 
ASCII CR’ (0 = true) 

The talker may send the EO! 
signal true (last data byte). 


BASIC recognizes the end-of- 
string character and makes 
talker idle with UNT signal. 
Untalk-idles talker 

BASIC assigns ‘ABC’ to AS. 


BASIC executes Close 5 statement 


“The state of this bit depends on the type PET that you hav. 
1 = TTL logic high (IEEE 488 folse). ars 
0 = TTL logic low (IEEE 488 true). 
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talker device, e.g., an ASCII keyboard, transfers a portion of a string, 
and a timeout error occurs before the carriage-return or EOI signal 
is sent, the PET will discard the incompleted string from the BASIC 
input buffer. The incomplete string will not be assigned to the string 
variable. 

The GET# statement always assigns a new value to the input 
variable, regardless of whether or not a timeout error occurs on the 
bus. When a timeout error occurs with the GET# statement, an 
ASCII carriage-return character is always returned, along with an ST 
value of 2. 

The following program illustrates the use of the INPUT# state- 
ment: 

100 OPEN 9,9 

110 A$="QQ" 

120 INPUT#9, A$ 


130 PRINT A$, ST 
140 CLOSE 9 


After the INPUT# 9 statement is executed, if ST=2, indicating a 
timeout error, the value of A$ will still equal “QQ.” 

Table 8-5 shows the IEEE 488 input signal sequence for the 
above program. The sequences in Table 8-5 assume that the device 
is capable of sending the characters as fast as required by the PET, 
so that no status error occurs. The IEEE 488 signal sequences in 


Table 8-6. IEEE 488 Input Sequence With Status Error 


NUL BASIC executes OPEN statement 


BASIC executes INPUT# 5, A$ 
MTA6 11031041 
BASIC sets ST = ST OR 2. 
10 1 


TITTT = 11001 for on IEEE 488 
1 10 


The talker cannot provide data. 
The PET provides an ASCII ’’NUL’’. 
The PET internally provides the 
string delimiter (ASCII ‘’CR’’). 


device 6 (0 = true) 
00000 Untalk-idles talker 
pages Daa ery dele ie BASIC executes Close 5 statement 


TTL logic high (IEEE 488 false). 
L logic low (IEEE 488 true). 


o 
nou 
| 
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Table 8-6 show what happens when the talker device is too slow 
and a timeout error occurs. 


The IEEE 488 Three-Wire Interlocked Handshake Cycle 


Fig. 8-1 shows the three IEEE 488 handshake signals, NRFD, 
NDAC, and DAV. The three signals permit a positive handshake 
between a single talker and multiple listeners. 

A talker device controls the source handshake signal, data valid 
(DAV). Each active listener device must control the acceptor hand- 
shake signals, not ready for data and not data accepted (NRFD and 
NDAC). Since there can be several active listeners on the bus at any 
given time, the data transfers on the bus must take place at the speed 
of the slowest active listener. 

If any active listener is not ready for data, then the talker must not 
present valid data. Likewise, if any active listener has not accepted 
the valid data, then the talker must not remove the data. The NRFD 
and NDAC signals received by the talker device must represent the 
logical anding of each NRFD and NDAC signal sent from each active 
listener. Fig. 8-2 illustrates this concept. The NRFD and NDAC sig- 
nals are the only two IEEE 488 signals that are sent as a logic high. 
The symbolic and gate shows that the NRFD signals sent from the 
listeners must be all logic high, or true, before the talker device sees 


NRFC (OR NDAC) SIGNAL SENT BY DEVICE A 


NRFD (OR NDAC) SIGNAL 
NRFD (OR NDAC) SIGNAL SENT BY DEVICE B RECEIVED BY DEVICE C 


—+— LISTENERS TALKER ——>- 
Fig. 8-2. Logical function of the logic-high NRFD and NDAC handshake signals. 


NRFD (OR NDAC) INTERFACE BUS SIGNAL LINE 


SIGNAL SIGNAL SIGNAL ° SIGNAL SIGNAL SIGNAL 
SENT RECEIVED SENT RECEIVED SENT RECEIVED 


TYPICAL BUS DRIVER FOR TYPICAL BUS DRIVER FOR TYPICAL BUS DRIVER FOR 
DEVICE A (LISTENER) DEVICE B (LISTENER) DEVICE C (TALKER) 


Fig. 8-3. Hardware implementation of the NRFD and NDAC handshake signals. 
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the NRFD signal true. The NDAC signal operates in a similar manner. 

The logical AND function is accomplished with open-collector 
bus signal drivers. Fig. 8-3 shows how the logical AND function is 
implemented in hardware. If either device A or device B sends the 
NRFD (or NDAC) signal false, the associated line driver tran- 
sistor is turned on, which makes the signal logic low, or false. Only 
when both devices send the NRFD (or NDAC) signal true are both 
transistors turned off. This permits device C, the listener, to “see” 
the signal as true. 

Fig. 8-4 shows a timing diagram for the NRFD (or NDAC) sig- 
nal as a function of the signal sent by each listener device, and as 
seen by the talker. 

The PET imposes a tight timing constraint on the handshake sig- 
nals. Whenever the PET sends an ATN signal true, or low, it is 
acting as the controller of the interface bus. When the PET sends 
the ATN signal true, the IEEE devices on the bus must make either 
the NRFD or NDAC (or both) signals go to a low state in less than 
20 microseconds. If this does not occur, the PET assumes that there 
are no devices on the bus; and the PET crashes with a “DEVICE 
NOT PRESENT” error. 

Fig. 8-5 shows a side-by-side flowchart for a typical data transfer 
sequence between a talker and a listener (or several listeners). In 
the sequence for the talker, when the talker makes the DAV signal 
true, or low, it expects the listeners to accept the data. The talker 
detects the fact that the listeners have accepted the data when the 
NDAC signal goes to a logic high. When the PET is the talker, it 
expects the NDAC signal to go true, or high within 65 milliseconds 
after it signals valid data with the logic low DAV signal. If this does 
not occur, the PET sets bit 0 of the status variable ST. 


NRFD OR NDAC SIGNAL 


SENT BY FASTER LISTENER 
DEVICE A ye ee ee 


NRFD OR NDAC SIGNAL 


SENT BY SLOWER LISTENER | 
DEVICE B Gee ee ee 


NRFD OR NDAC SIGNAL 


RECEIVED BY TALKER ] 
DEVICE C _ YA °° °&°&@§£ £4W™”0ZA_ 1 


NRFD ZZ ALL LISTENERS ARE READY FOR DATA 
NDAC 77 ALL LISTENERS HAVE ACCEPTED DATA 
Fig. 8-4. Timing diagram of multiple NRFD (or NDAC) signals. 
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In the sequence for the listener, when the NRFD signal is sent 
true, the listeners expect some valid data. The listeners detect valid 
data when the DAV signal goes to a logic low. When the PET is a 
listener, it expects the DAV signal to go to a logic low, or true, 
within 65 milliseconds after it indicates that it is ready for data with 
the NRFD signal. If this does not occur, the PET will terminate 
normal IEEE 488 operations, force a carriage return character into 
BASIC, and set the bit 1 of the status variable ST. 

Fig. 8-6 shows the timing constraints for handshake signals with 
the listener, talker, and controller modes of operation with the PET. 

Complete PET/IEEE 488 controller flowcharts are provided in 
Appendix A. 


Electrical Specifications of the IEEE 488 Signals 


The IEEE Std 488-1975 was designed around the use of TTL logic 
integrated-circuit technology. The IEEE 488 signals and their as- 
sociated voltage levels are shown in Table 8-7. 

Since IEEE devices can assume different roles, and since the de- 
vices jointly control bus signal lines, open-collector drivers are 
generally used. Fig. 8-7 shows a line driver/receiver circuit made 
from integrated circuits and discrete components that will meet the 
specifications of the IEEE 488 electrical standards. There are, how- 
ever, integrated circuit packages, such as the MC3446P, that pro- 
vide four complete line driver/receiver circuits per package. 


PET/IEEE 488 INTERFACE CONSTRUCTION PROJECTS 


Two PET/IEEE 488 interface construction projects have been 
developed to interface the PET to outside world devices through 
the IEEE 488 port. One of the most desirable accessories for the 
PET computer is a printer. The first PET/IEEE 488 listener inter- 
face construction project is a microprocessor-based interface for a 
printer. The other project is a general-purpose listener/talker inter- 
face to the PET/IEEE 488 interface bus. The general-purpose 
listener/talker is an advanced project with a number of hardware 
and software options to facilitate custom interface designs. 


A PET/IEEE 488 Printer Interface 


This project is a very simple interface that is designed specifically 
for attaching a printer to the PET computer. In addition to meeting 


the IEEE 488 signal specifications, it also performs the following 
functions: 


1. Inserts a space for all nonstandard ASCII codes that represent 
PET’s graphic characters. 
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PETIIEEE 
TALKER 
SEQUENCE 


CHECK NRFD 
AND NDAC 


“DEVICE NOT 
PRESENT ERROR* 


START 65 
MILLSECOND 
TIMER 


STATUS = 2 
DATA = “CR° 


SET DAV 
LOW(TRUE) 


START 65 
MILLSECOND 
TIMER 


SET DAV HIGH 
SEND NULL DAB [~ 


PET UNLISTEN 
SEQUENCE 


PET UNTALK 
SEQUENCE 


PET LISTENERITALKER SEQUENCES 


Fig. 8-5. Typical PET/IEEE listener/talker data transfer sequence. 
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FROM PET maar fae al FROM TALKER et 
NDAC | 165 MS MAX 
FROM ALL '  <~ORST =2 


LISTENERS 


(A) PET-to-listener timing. (B) PET-to-talker timing. 


FROM PET lly 


NRFD OR 
NDAC 


' 10 wS MAX OR 
—1 \—"DEVICE NOT PRESENT 
ERROR” 


(C) PET controller timing. 


Fig. 8-6. Timing diagrams of the PET controller timing constraints. 


Table 8-7. IEEE 488 Signals and Their Associated Levels 


Equivalent Logic Coding of 
All IEEE Signals 
Except NRFD & NDAC NRFD & NDAC Voltage Level 


true greater than 2.0 volts 
false less than 0.8 volt 


SN7417 


DATA 
cae ae Fig. 8-7. Sample IEEE 488 line- 
IEEE 488 driver/ receiver circuit. 
SIGNAL 
DATA 
RECEIVED 62002 


SN7417 


2: Sends several null characters after a carriage return, to permit 
the printer time to return the carriage to the left margin. 

3. Limits the line length to 72 or 80 characters, depending 0” 
the setting of a line length switch. 

4. Converts PET ASCII characters to either Baudot or standard 
ASCII, depending on the ROM type used in the interface circult. 
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Le 5 
A 


Fig. 8-8. PET computer with IEEE 488 printer interface. 


Fig. 8-8 shows the printer interface in use, sending serial ASCII 
data at 300 baud to a Texas Instruments Silent 700 Printer. 

The printer interface operates only as a listener on the bus, and 
is preprogrammed to respond to device number 4. A 6502 micro- 
processor is used in the interface, along with a 256-word by 8- 
bit ROM, and a Universal Asynchronous Receiver/Transmitter 
(UART). Fig. 8-9 shows the circuit diagram of the ASCII version 
of the printer interface. The circuit for the printer interface requires 
no read/write memory (RAM) because the 6502 has internal regis- 
ters to handle temporary data storage. Slight modifications to the 
UART are required for the Baudot version of the printer interface. 
Fig. 8-10 shows the modifications required to the circuit for the 
Baudot version of the printer interface. 

The printer interface operates as follows. The 6502 microproces- 
sor executes a program in the ROM. The 6502 inputs the data from 
the IEEE 488 interface bus through the 8T98 three-state buffers. 
When the microprocessor “sees” the MLA 4 signal set, the interface 
becomes an active listener. 

The microprocessor responds to the DAV signal, and controls 
the NRFD and NDAC listener handshake signals to accept valid 
data from the DIO1 to DI08 signal lines. The microprocessor con- 
verts the PET ASCII into standard ASCII or Baudot codes, de- 
pending on the program in the ROM. The converted data is sent to 
the UART in parallel form. The UART sends the data to the printer 
in serial form. 


AY-5-1013 


Fig. 8-9. Circuit diagram of the PET/IEEE printer interface. 
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AY-5-1013 


UART eh TPS 


UART CONNECTIONS 
D7 CLOCK SERIAL OUT i FOR BAUDOT VERSION 


Fig. 8-10. UART connections for the Baudot version of the PET/IEEE printer interface. 


When the serial data has been sent, the UART signals the 6502 
that the transmit buffer is empty by the transmit buffer empty signal 
(TBMT). The 6502 then sends the NRFD signal true for the next 
character in the data transfer sequence. When the last character in 
the sequence is sent, the PET sends the EOI signal line low, or true. 
When the 6502 “sees” the EOI signal true, it accepts the last char- 
acter, and then goes idle. 

Switch S1 tells the interface circuit whether 72 or 80 characters 
per line should be printed. The printer interface sends a carriage 
return to the printer whenever a carriage-return character is sent 
on the interface bus, or when 72 or 80 characters have been printed 
without a carriage-return character. 

The programmed ROM for the interface is available commercially 
from the Bit Stop, P.O. Box 973, Mobile, AL 36601. The ROM 
is available in six different models. The price of the ROM is $25.00. 
Use Table 8-8 to determine the correct model ROM to order. 

To differentiate between Type A and Type B Baudot printers, 
type a shift-D. If the character printed is a “$,” then the printer is 
a Type A. If the character printed is a “t,” then the printer is a 
Type B. Because of the major differences in the handling of upper 
and lower case letters and graphics in the two current versions of 
the PET, it is also necessary to determine what type PET you have 
before ordering the correct ROM. 


Table 8-8. Match ROM to Type of PET 


Type of Printer 
Type of PET ASCII Type A Baudot Type B Baudot 
Old 8K PET 


PPA79 PPB79A PPB79B 
New 8, 16, 32K PET PPA79F PPB79AF PPB79BF 
Old 8K PET, New ROMs PPA79F PPB79AF PPB79BF 
All CBM PPA79F PPB79AF PPB79BF 
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Fig. 8-11. Photograph of the completed PET/ IEEE printer interface. 


Fig. 8-11 shows a completed printer interface. For the construc- 
tion of the printer interface, wire wrap techniques are recommended. 
Check Appendix C for information about the availability of parts 
for the printer interface. The circuit easily fits on a 4-inch by 4%-inch 
prototyping card, such as those offered by Radio Shack or Vector. 
One-half ampere of 5-volt power is required, as well as 100 milli- 
amperes of +12- and —12-volt power. If you use only the 20 mA 
current loop output, then you do not need the +12-volt portion of the 


HEAT SINK 


16V 


[ara 


SWITCH FORE 


i +12V 
BRIDGE 35V 
110 Vac RECTIFIER TANTALUM 
126V COMMON 
CT 
2A 
12 
BRIDGE 
RECTIFIER -12V 
12.6V ee 
300mA 
7 35y + lOuF ii TANTALUM 


TRIPLE POWER SUPPLY 
+12 AND —12V, 250 mA +5V, 1A 


Fig. 8-12. Schematic diagram of a triple-voltage power supply. 


power supply. Fig. 8-12 shows the schematic diagram of a suitable 
triple-voltage power supply that can be used with the printer interface. 

Building the Printer Interface—Fasten the integrated circuit sock- 
ets to the circuit board and make the connections as indicated on the 
schematic diagram in Fig. 8-9. If you build the Baudot version, be 
sure to use Fig. 8-10 for the proper connections of the UART. 

Make the connections to the PET IEEE 488 bus with approxi- 
mately 30 inches of 16-conductor ribbon cable and a 12/24 solder 
eyelet connector. The connector is available from Beckian Enter- 
prises, P.O. Box 3089, Simi Valley, CA 93063. Order part number 
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1575. Refer to Table 3-3 for the pin assignments of the IERE cop- 
nector on the PET. 

The UART provides TTL level signals for the serial data. Depend- 
ing on the type printer that you have, select the proper level-shifting 
network. Two types of level-shifting networks are common. The RS- 
232 signals range from +12 to —12 volts, while the 20 mA current- 
loop devices require the presence or absence of current in a loop. 

The Baudot and ASCII teletypes use the 20 mA current loop, 
while most other printers require the RS232 signals. Fig. 8-13A 
shows a MC1488 integrated circuit that changes the TTL output 


+12V 


=I2¥ = 
IC RS 232 OUTPUT 


(A) TTL to RS232 interface with MC1488 integrated circuit. 


+5V 


4709 


001 pF 


Q2 
RS 232 OUT 


Q1.Q3 = 2N3638 
Q2 = 2N2222 


—12V 


TRANSISTOR RS 232 OUTPUT 


(B) TTL to RS232 interface with discrete components. 
Fig. 8-13. Various 


of the UART to RS232 signal levels. Fig. 8-13B shows a circuit 
made from discrete components that will convert the TTL output 
of the UART to RS232 signal levels. Fig. 8-13C shows a circuit 
that will convert the TTL signals from the UART to the appropriate 
20 mA current-loop signals. Construct the appropriate level-shifting 
network. 

A baud-rate generator is required to provide the clock signals 
to the UART. There are several switch-selectable, crystal-controlled 
baud-rate generator integrated circuits, such as the Harris HD 4702, 
which we used in the prototype printer interface. However, a simple 
555 timer circuit is quite adequate. Fig. 8-14 shows the circuit dia- 
gram for an adjustable baud-rate generator using the 555 timer inte- 
grated circuit. Wire the baud-rate generator circuit. 

Complete the interface by connecting the power and ground con- 
nections in the circuit. Use heavy gauge wire for the power supply 
and ground rails, as shown in Fig. 8-11. Also, add several 0.01- 
microfarad capacitors between the +5-volt and ground supply con- 
nections to avoid crosstalk between components. 

Adjustments to the Printer Interface—Install the 555 timer into 
its socket. Do not plug the unit into the PET at this time. Connect 
the power, and check for clock pulses at pin 40 of the UART socket. 
Adjust the 100 kilohm potentiometer until a square wave of 16 
times the baud-rate is obtained. Use 1760 Hz for 110 baud or 4800 
Hz for 300 baud. 

Checking and Troubleshooting the Printer Interface—Install all 
the integrated circuits in the printer interface, but do not connect 


+5V 


001 HF oma CURRENT LOOP 
(TELETYPE) 


Q4 = 2N3638 


TRANSISTOR CURRENT LOOP 


(C) TTL to 20 mA current-loop interface. 


interface circuits. 
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CLOCK TO 
UART 40 


01 pF 


BAUD RATE GENERATOR 


Fig. 8-14, Adjustable baud rate generator. 


the interface to the PET. Connect the interface to the printer, and 
apply power to the interface and printer. When you press the reset 
button, the printer should respond with eight line feeds. If the 
printer does not give eight line feeds, there is a wiring error, a bad 
component, or a printer malfunction. The following suggestions 
should help in problem diagnosis: 


1. 


2. 


ae 


Check the power connections of each integrated circuit and 
verify that it has the proper voltage. 

Check for a microprocessor clock signal on pin 3 of the SN7405 
IC. If no clock signal is present, check the wiring to pins 37 
and 39 of the 6502 and pins 1 and 2 of the SN7405. Other pos- 
sible sources of trouble are the 6502 IC, the SN7405 IC, and the 
39 pF capacitor. 


. Check for proper operation of the level-shifting network. Check 


for a short burst of pulses on the TTL output, pin 25, of the 
UART when the reset button is pressed. If the pulses are 
present, the UART is sending the line-feed signals, and the 


level-shift network or the adjustment of the baud-rate generator 
is at fault. 


. Check to see if the interface is polling the IEEE 488 bus. Check 


to see if there are short negative-going pulses on pin 1 of the 
8T98 ICs. If the pulses are present, then check the wiring of 
the UART and the NMI input to the 6502. Remove the ICs 
and check the wiring, point to point, with an ohmmeter. Substi- 
tute new ICs for questionable ICs. 

If the printer responds with characters other than line-feed char- 


acters when the RESET button is pressed, the baud-rate gen- 
erator is probably not set properly. 


Using the Printer Interface—To print to the serial printer, you must 
open a file to IEEE 488 device number 4. The following program 
will print “HI THERE” on the printer, followed by a carriage return 
and line feed: 


10 OPEN 4,4 
20 PRINT# 4, “HI THERE” 
30 CLOSE 4 

40 END 


The PRINT# statement is used exactly like the PRINT command, 
except that the output is sent to device number 4 (the serial printer) 
on the IEEE 488 bus, instead of the crt. To list a program on the 
serial printer, use the CMD 4 statement, which will redirect all output 
from the crt to the device specified in the OPEN 4,4 statement. The 
following direct statements will print a list on the serial printer: 


OPEN 4,4:CMD 4:LIST 


The direct statements result in a “READY” being printed after the 
listing of the program. This happens because the CMD statement 
directs the output from the PET to go to the IEEE 488 bus instead 
of the crt. Since the CMD has not been cancelled, the primary output 
device remains as the serial printer. 

To cancel the CMD statement, create a syntax error with a non- 
existent HALT command. If you use CMD in a program, and want 
to cancel it without an error, the following statement will work: 


PRINT#4, CHR$(0); 


Special Considerations for the Baudot Printer Interfaces 


The ROM for these versions of the printer interface requires a 
large lookup table to convert the ASCII characters to Baudot. Be- 
cause of this, and the fact that there are only 256 bytes of ROM 
memory available for program and tables, it was necessary to make 
a compromise in the design of the Baudot interface. The Baudot 
versions of the interface are always active on the bus, and cannot be 
made inactive. This means that if other IEEE devices are used, such 
as a disk, the two devices cannot efficiently share the bus. 

The ASCII versions of the interface can share the bus with any 
other devices, provided that they are not assigned as device number 4. 


A General-Purpose PET/IEEE 488 Listener/Talker 


The construction of a microprocessor-based general-purpose lis- 
tener/talker (GPLT) is an advanced construction project designed 
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for those PET users who want to interface custom-designed hardware 
to the PET through the IEEE 488 port. This construction project 
would also be of interest to those who want a more complete under- 
standing of how the IEEE 488 interface operates. 

Fig. 8-15 shows the GPLT connected to the PET computer. The 
GPLT will, without user modification, interface either old or new 
versions of the PET to an ASCII parallel printer and/or an ASCII 
keyboard. The GPLT will also interface any binary device with hand- 
shake signals to the PET. The program coding for the GPLT com- 
pletely handles all the IEEE 488 protocol, so that the user is free to 
concentrate on his/her own application. 

The GPLT provides user patch points in the program code to 
permit the modification of input and output data, and to provide 
for special remote output sequences. A spare 8-bit I/O port is also 


Fig. 8-15. General-purpose listener/talker connected to the PET computer. 


available for use for remote functions. The GPLT also provides for 
a secondary listen address to set and clear flags that affect the inter- 
pretation or use of data at the primary listen address. 

Specific instructions for the construction of the GPLT are not 
given; however, wire wrap construction techniques are recommended. 
Fig. 8-16 shows our wire wrapped circuit for the GPLT. Refer to 
pod a C for information about the availability of parts for the 
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Fig. 8-16. Photograph of the wire wrapped general-purpose listener/talker circuit. 


We used a 24-conductor ribbon cable to connect the IEEE 488 
signals from the PET to the GPLT. This method of connection is 
adequate for nonindustrial applications. For industrial applications, 
the standard IEEE 488 connectors should be used. 

_Circuit Description of the GPLT—Fig. 8-17 shows the circuit 
diagram of the microprocessor, read/write memory (RAM), ROM, 
and I/O. The actual I/O connections of the PIA I/O chips are not 
shown in Fig. 8-17. 

After power is applied to the circuit, or when the IEEE 488 inter- 
face clear signal is true, the 6502 microprocessor receives a reset 
signal (RST). After the reset signal, the 6502 reads data from and 
writes data to memory locations under control of a program stored 
in the 2708 EPROM. 3 ek 

The 2708 EPROM is programmed with the program supplied in 
Appendix B. A preprogrammed 2708 EPROM (Model GPLT80-1) 
is available commercially from the Bit Stop, P.O. Box 973, Mobile, 
AL 36601. The price of the EPROM is $35.00. 

Each PIA, the read/write memory and the EPROM are all 
ory locations in the memory space of the 6502. The three higher-order 
address lines of the 6502, A13 to A15, are connected to the 
SN74LS138 chip-select decoder, to enable the proper memory and 
1/O chips during memory accesses. The microprocessor phase-2 
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Fig. 8-17. Schematic diagram of the MPU address and 
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data bus for the general-purpose listener/ talker. 
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P+5V 


22002 


clock signal is connected to the chip-select decoder to synchronize 
the chip-select pulses with the timing signals of the 6502. 

Fig. 8-18 shows the circuit for the generation of the RST signal 
at either power-on, or when the IEEE 488 IFC signal is true (low). 
Fig. 8-19 shows the circuit for the 760 kHz microprocessor clock. In 
the clock circuit, the CMOS inverters oscillate at approximately 1.5 
MHz. The SN74LS73 J-K flip-flop provides a square wave at 50% 
duty cycle at one-half the input frequency, or approximately 760 kHz. 

Fig. 8-20 shows how the microprocessor connects to the IEEE 
488 interface bus. The MC3446P IEEE 488 bus receiver/transmitter 
chips provide the proper bus terminations and logic levels for bi- 
directional bus communications. The connections of IEEE 488 inter- 
face signals to the GPLT are straightforward, with the exception 
of the ATN input signal, and the NRFD and NDAC output signals. 

The PET requires an immediate response to an ATN signal. The 
speed requirement is such that it is not possible to reliably implement 
the response with microprocessor actions. For this reason, the ATN 
signal line is connected to the CA1 edge-sensitive input of PIA #1. 
When the ATN signal goes true, the hardware in the PIA provides 
an immediate logic low IRQA signal, independent of any micro- 
processor action. This action also sets a flag in the PIA chip, which is 
frequently tested by the microprocessor. The IRQA signal (ATN 
MEM) forces the NRFD and NDAC signals to a logic low, respond- 
ing to the ATN signal, until the 6502 can handle the ATN signal 
under program control. 

There are three other signals shown in Fig. 8-20, ADR LOAD, 
ADR CLK, and ADR DATA. These signals are used in the optional 
device addressing circuit of Fig. 8-21. The device addressing circuit 
provides a means to change the three addresses associated with the 
listener, secondary listener, and talker functions. 

The device-addressing circuit is usually not required. The GPLT 
defaults to device number 9 for all functions, unless the addressing 
circuit is added. 

Fig. 8-22 shows the connections to PIA #2 for the remote output 
function. The figure shows the location of the data signals on the 
chip, and the proper handshake signals required. An optional test 
circuit is also shown, which permits the viewing of the data and data 
ee and a logic pulser to create the data taken handshake 
signal. 

Fig. 8-23 shows the connections to PIA #3 for the remote input 
function. The figure shows the location of the data signals to be 
presented to the PIA chip, and the proper handshake signals required. 
Fig. 8-23 also shows an optional test circuit that can be used to check 
the operation of the interface before connecting a remote input device. 
Fig. 8-24 shows the connections to PIA #3 for the spare I/O port. 
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POWER ON RESET 


O+5V 


IN4148 


1N4148 


BYP 


0.1 uF 


BUS IFC 


INTERFACE CLEAR (IFC) 
BUS RESET 


Fig. 8-18. Reset signal generation for the general-purpose listener/talker circuit. 


O+5V 


760 kHz MICROPROCESSOR 
PHASE 6 CLOCK 


Fig. 8-19. Microprocessor clock for the general-purpose listener/talker circuit. 


The spare I/O port can be configured as inputs, outputs, or mixed I/O. 
For clarity, the circuit diagrams of the GPLT do not show all the 
connections of the ICs to 5-volt power and ground. Table 8-9 lists all 


of the ICs in the GPLT and the connections required. 


Using the General-Purpose Listener/Talker—The GPLT is con- 


trolled by the PET with BASIC statements. As a listener, the GPLT 


acts in two distinctly different modes. When the GPLT is addressed 


215 


ain fash koa 
a Sa a 


alm 
z- 3 
ale 


OPTIONAL DEVICE ADDRESSING CIRCUIT 
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PIMARY 
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TALK 
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74165 
(13. HOUT 


EN GND Voc LOAD CLK 


ADR DATA 


ADR LOAD 


Fig. 8-21. Optional device-addressing circuit. 


sent to the primary listen address depends on the type PET that you 
have. The data is different because different models of the PET repre- 
sent ASCII characters with different values. 
as a primary listener, it accepts data for use by a remote device. When 
the GPLT is addressed at device #9, the following BASIC statements 
will send data to the primary listen address: 

100 OPEN 9,9 

110 PRINT#9, “HI” 
Note that the OPEN statement for file #9 contains only the primary 
device address, and not the secondary device address. The actual data 
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«NIWWL VLVG. 


«OIA WLVO. 
Z7 OSAW 8 OEE ra; 
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LT-8 “Sid 33S 
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YOSSIIOUdONIIN 


Fig. 8-22. Remote output circuit for the general-purpose listener/talker circuit. 
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Fig. 8-23. Remote input circuit for the general-purpose listener/talker circuit. 
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The GPLT will modify the data on the bus so that proper ASCII 
characters are sent to the remote device, providing the proper flags 
are set. The flags are set with data sent to the secondary listen address. 
In addition, the program for the GPLT in Appendix B contains a 
patch point at hexadecimal address $FEDD to permit the patching 
of additional instructions to permit modifications to the bus data 
for custom applications. The GPLT also provides a patch point at 


MICROPROCESSOR PIA #3 
ADDRESS AND DATA BUSY SIDEB ~— PB7 
SEE FIG. 8-17 IC 6 


ORB = $6692 
CRB = $6093 


CBl 


Fig. 8-24. Spare 1/O for custom remote device control. 


hexadecimal address $FF1E to permit a special sequence of outputs 
for a given data byte. 

An example of how the patch points could be used would be to 
convert the bus data to ASCII, depending on the type PET used, and 
then to convert the ASCII data into the proper control magnet com- 
mands for an IBM Selectric typewriter. Additional program coding 
at the special output sequence patch point could be used to monitor 
the ready/busy status of the typewriter, and to print special character 
combinations to represent ASCII or PET characters or graphics not 
printable on the typewriter. This application and countless other 
custom applications underscore the versatility of the secondary listen 
address. 

When the GPLT is addressed as a listener at its secondary address, 
it can use the data to set different modes of operation in the primary 
listener. Data can be sent to the secondary listen address with the 
following BASIC statements: 


10 OPEN 10,9,9 
20 PRINT#10, CHR$(1); 


Note that the OPEN statement for file #10 contains a primary and 
secondary address of 9. The OPEN statement for use with the secon- 
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Table 8-9. Power Supply and Ground Connections of the General- 
Purpose Listener/Talker Circuit 


er | arate 
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Pie [ emo es ee 
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ee 
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a2 
Pama 
a 
[—eav0 | “20.226 
ie 
elec 
ae 
Te 
Tien [ avasne [a _| 


6,10,12,13,16 


dary listen address in the GPLT should not contain a filename. In 

this case, the binary value of 1 is sent to the secondary listen address. 

The GPLT uses a value of 1 sent to the secondary listen address to 

set up the primary listen address to receive ASCII data in the format 

supplied by a Type 1 (old) PET. The GPLT recognizes the following 

ne at the secondary listen address and performs the following 
ctions: 


ee Ee 
[| 48 


Data Function 

CHR$(0) Clears all flags and interprets bus data exactly as received. 
CHR$(1) Sets type 1 PET flag. 

CHR$(2) Sets type 2 PET flag. 

CHR$(3) Sets the GET mode flag. 


In the program listing for the GPLT in Appendix B, at hexadecimal 
address $FEFE, the user can patch additional code to intercept other 
secondary listen address data, and to set flags for a custom application. 

The GPLT contains special software routines to prevent the possi- 


bility of a PET hangup from a null input from the bus, as well as 
the loss of a partial input buffer full of data due to the lack of a 
carriage return or EOI signal. When the GET mode flag is not set, 
the GPLT will not return any data until it “sees” a carriage-return 
character in its input buffer. This action prevents the loss of a partial 
string in the PET input buffer. This mode of operation is the proper 
mode of operation for the INPUT# statement. If a GET# statement 
is executed when the GPLT is not in the GET mode, single characters 
will not be returned until there is a carriage-return character in 
the buffer. 

If the GET mode flag is set, then single characters can be transferred 
on the bus, regardless of whether or not there is a carriage-return 
character in the input buffer of the GPLT. This is the normal mode 
of operation for using the GET# statement. If an INPUT# statement 
is executed when the GPLT is in the GET mode, all the characters 
in the input buffer of the GPLT will be transferred to the input buffer 
of the PET. If a carriage-return character is not in the input buffer 
of the GPLT, or if a carriage-return character is not provided before 
the 65-millisecond timeout limit, the data will be discarded by 
the PET. 

When data is input from the GPLT, the data can be either binary 
or ASCII data. If the PET Type 1 or PET Type 2 flag is set, the 
remote data received by the GPLT will be converted from standard 
ASCII to the PET’s representation for standard ASCII. This would 
be the normal mode of operation to input ASCII data or numerical 
data represented by ASCII characters. 

If both the PET Type 1 and PET Type 2 flags are cleared, the 
data received by the remote will be transferred to the PET without 
conversion. This would be the normal mode of operation to input 
binary data. The PET always treats the data input as ASCII data, 
regardless of the mode of the GPLT. If you input binary data, you 
must convert the characters received from their ASCII values to the 
equivalent numerical quantity. For example, if you wished to input 


10 bytes of binary data, and store that data for later use, you could 
use the following program: 


100 OPEN 10,9,9:REM OPENS FILE 10 FOR SECONDARY 
110 OPEN 9,9:REM OPENS FILE 9 FOR PRIMARY 


120 PRINT#10, CHR$(0)CHR$(3);:REM CLEAR Tl & T2, SET GET 
130 FOR I=0 TO 9 ‘ 


140 GET #9,C$:IF (ST) AND 2 THEN 140 
150 POKE 826+1, ASC(C$) 
160 NEXTI:CLOSE 9 


200 REM HERE TO PROCESS BINARY DATA AT 826-835 


In the example above, program line 120 first clears all the flags 
in the GPLT, and then sets the appropriate flag. The initial clearing 
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of the flags, before setting, is good programming practice, particularly 
if your program repeatedly clears and sets the GPLT flags. The 
necessity to constantly change the GPLT flags might be required to 
interface a binary input with an ASCII output, for example, to 
input binary (or binary-coded decimal) information from a talker, 
and then print results of that information on a printer. 

Suppose that you have a Type 1 PET, and you wish to write a 
program using the GPLT to interface to a binary-type talker and an 
ASCII-type listener. Your program might look as follows: 


100 OPEN 10,9,9:REM OPEN SECONDARY LISTEN 

110 OPEN 9,9:REM OPEN PRIMARY LISTEN 

120 OPEN 8,9:REM OPEN TALKER 

500 REM MAINLINE CODE 

510 GOSUB 1000:REM GET AND PROCESS INPUT DATA 

520 GOSUB 2000 

530 GOTO 500 

1000 REM ROUTINE TO INPUT BINARY DATA FROM TALKER 
1001 REM IN GET MODE 

1010 PRINT# 10, CHR$(0)CHR$(3);:REM CLEAR TIAND 12, SET GET 
1020 GET# 8, C$:IF (ST) AND 2 THEN 1020 

1030 C=ASC(C$) 

1040 REM HERE TO PROCESS DATA 

1999 RETURN 

2000 REM ROUTINE TO PRINT DATA 

2010 PRINT# 10, CHR$(0)CHR$(1);:REM CLEAR GET, SET T1 
2020 PRINT# 9, D$:REM OUTPUT DATA 

2999 RETURN 


In the sample program, file #10 handles all the data that is to be 
sent to the secondary listen address #9 of device #9. In the sub- 
routine to input data, which starts at line 1000, the data sent to file 
#10 sets up the GPLT to receive binary data, without conversion to 
PET ASCII. Note that the PRINT# 10 statement first clears all flags, 
and then sets the GET mode flag. 

In the subroutine to output data, which starts at line 2000, the 
data sent to file #10 sets up the GPLT to accept PET ASCII data 
from a Type 1 PET and convert the data to standard ASCII. Note 
that the PRINT# 10 statement in line 2010 clears all flags and then 
Sets the Type 1 PET flag. 

To output binary data on the IEEE 488 bus, the Type 1 and 
Type 2 PET flags must both be cleared. In addition, the binary data 
must be sent as an ASCII character. If N is the decimal equivalent a 
binary number between 0 and 255, then a PRINT# 9, CHR$(N); 
statement will send the binary data on the bus. Be sure to use the sem1- 
colon in the PRINT# statement to prevent the carriage return and line 
feed from being sent on the bus. 


APPENDIX A 


Flowcharts of the 
PET/IEEE Controller and 
Listener/Talker Sequences 
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APPENDIX B 


Program Listing for the 
PET/IEEE General-Purpose 
Listener/Talker 


MEMORY MAP OF THE PET/IEEE 488 LISTENER/TALKER 


MEMORY ADDRESS (HEX) 


0000-001F 
0020 
0021 
0022 
0023 
0024 
0025 
0026-002A 
002B 
002C 
002D 
002E-002F 
0030-007F 
2000 
2001 
2002 
2003 
4000 
4001 
4002 
4003 
6000 
6001 
6002 
6003 
FCOO-FF20 
FF21-FFF9 
FFFA-FFFB 
FFFC-FFFD 
FFFE-FFFF 


FUNCTION 


STACK 

SECONDARY LISTEN ADDRESS 
PRIMARY LISTEN ADDRESS 
TALK ADDRESS 

TYPE 2 PET FLAG 

TYPE 1 PET FLAG 

TALKER GET MODE FLAG 
USER DEFINED FLAGS 
BUFFER POINTER (DATA IN) 
BUFFER POINTER (DATA OUT) 
END OF STRING FLAG 

SPARE USER RAM 

TALKER INPUT BUFFER 


PIA #1 SIDE A—IEEE 488 DATA INPUT 


PIA #1 CONTROL REGISTER A 


PIA #1 SIDE B—IEEE 488 DATA OUTPUT 


PIA #1 CONTROL REGISTER B 
PIA #2 SIDE A—MIXED 1/0 

PIA #2 CONTROL REGISTER A 
PIA #2 SIDE B—REMOTE OUTPUT 
PIA #2 CONTROL REGISTER B 
PIA #3 SIDE A—REMOTE INPUT 
PIA #3 CONTROL REGISTER A 
PIA #3 SIDE B—SPARE 1/0 PORT 
PIA #3 CONTROL REGISTER B 
PROGRAM—ROM 

ROM SPACE AVAILABLE TO USER 
NMI VECTOR (FCOO) 

RESET VECTOR (FCOO) 

IRQ VECTOR (FCO3) 
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kkkkke 
GPLT0001.GO 
kkkkke 


LINK EDIT MAP 


GPLTO001 
GPLTO001 
JEEEL/T1 

IEEEHAND 
TALKERO1 
USEDABO1 


0321 
0000 
FCOO 
FD60 
FDBA 
FE9B 


kKkkkkk 


GLPT0001 .GO 


kkkkKkr 
HEX DUMP 
00 01 
FCOO )3=— AC s«éOC 
FCIO §=A9 = 3C 
FC20. AY. OC 
FC30 «=6—(02—s 20 
FC40 «= 34S BD 
FC50. «= 60 AY 
FC60 =AD 35 
FC70) =. 21s 85 
00 01 
FC80 ©6200 = 40 
FC90 —s«1F.s =——iDO 
FCAO 09 60 
FCBO §=420 69 
FCCO 3=FC «OCS 
FCD0 §=4C BA 
FCEO §=—20 (93 
FCFO DO 03 
00 01 
FDOO FD 20 
FDIO 08 8D 
FD20 +98 48 
FD30 20 57 
FD40 =DO 04 
FDSO = 60 68 
FD60 AD 00 
FD70 40 60 
00 01 
FD80 8D 03 
FD90 02 20 
FDAO FD AD 
FDBO 72 FD 
FOCO 20 09 
FDDO 22 FO 
FDEO 29 60 
FDFO 2B ODO 


PAGE 1 


02 
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kKkkkk* 


GLPT0001.GO 
wKKKKK 
HEX DUMP 
00 01 
FEOO §=60 20 
FEIO. §=— £6 2C 
FE20 386009 «(09 
FE30 «85 2B 
FE4A0 =6F7_—s 8D 
FESO FD DO 
FE6O =AD 00 
FE70 ~==FD AY 
00 (01 
FESO =6FD «24 
FE90 §=6s 7B-séBO 
FEAO FF 8D 
FEBO 814 C9 
FECO 08 49 
FEDO §=OA C9 
FEEO 20 B4 
FEFO C6 24 
00 01 
FFOO =6EA AC 
FFIO. =6CA_—s“*100 
FF20 =60—SOFF 
FF3O0. FFE OFF 
FFAQ) FFF 
FESO FFE OFF 
FF6O) =—sFFEséFF 
FF70 =—sFFES&FF 
00 (01 
FF80 = sFF-Es&FF 
FFOO) FFF 
FFAQ =FF_éFF 
FFBO OFFS FF 
FFCO 8=FF- FF 
FFDO FF OFF 
FFEO 3=—sFF-EséFF 
FFFO FF FF 
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02 


PAGE 2 


03 


KaKKKK 
IEEEL/T1 ASM 


kkk kkk 
ASSEMBLY LISTING PAGE 1 
ORG IEEEL/T) 
OPB EXT —IEEEHAND (2D) 
DVH EXT IEEEHAND (24) 
CNW EXT —IEEEHAND (33) 
NRL EXT —IEEEHAND (00) 
NRH EXT —_IEEEHAND (09) 
NOL EXT —IEEEHAND (12) 
NDH EXT IEEEHAND (1B) 
SAD EXT —USEDABO! (45) 
TAD EXT —TALKERO] (00) 
USE EXT —_USEDABO1 (00) 
CLF EXT USEDABO] (6F) 
ATK EXT —IEEEHAND (54) 
* 
kk POWER-ON RESET—SETS UP 1/0 % oe 
* 
FCOO 4COCFC PON JMP BEG PROGRAM START 
FCO3 4CIDFD INT JMP_ ICB INTERRUPT VECTOR 
FCO6 4CBOFC IDL JMP TLI DEVICE IDLE 
FCO9 4CFEFC ADG JMP COM GETS IEEE COMMAND 
FCOC 78 BEG SEI DISABLE INTERRUPT 
FCOD A2IF LOX #IF SETUP STACK IN PAGE 0 
FCOF 9A TXS 
FC1O A93C LDA #3C SETUP PIA’S WITHOUT 
FC12 8D0320 STA $2003 LOW GLITCH ON BUS 
FC15 8D0140 STA $4001 
FCI8 ASFF LDA #FF 
FCIA 8D0220 STA $2002 
FCID 8D0240 STA $4002 
FC20 A90C LDA #0C 
FC22 8D0040 STA $4000 DDR ACCESS 
FC25 A938 LDA #38 
FC27 8D0320 STA $2003 
FC2A 8D0140 STA $4001 
FC2D A9FF LDA #FF 
FC2F 8D0220 STA $2002 
FC32 A90D me see 
FC34 8D0040 
FC37 A93C LDA #3C DDRA yore - 
FC39 8D0320 STA $2003 CBI NE au 
FC3C + 8D0140 STA $4001 CA] NEG/CA2 
LDA #34 
i ate sTA sé003 CB1 NEG/CB2 NEG OUT 
924 L 
oy alone sTA $4003 CB2 HANDSHAKE ON CBI 
L 
on are STA $6001 CAI LOW = IROA Eo HIGH 
FC4E ADO160 LDA $6001 INITIALIZE HA 
FC51 A93D LDA #30 


243 


244 


wkaeekknr 
IEEEL/T1.ASM 
wkkekkkn 


ASSEMBLY LISTING 


FC53 
FC56 
FC59 
FC5B 
FC5D 
FCSF 


8D0120 


200AFF 


PAGE 2 
STA = $2001 
JSR CLF 
LDA #2F 
STA $28 
STA $2C 
Cll 


CA1 LOW = IRQA CA2 HIGH 
CLEAR USER FLAGS 
INITIALIZE TALKER 

1/0 BUFFER POINTERS 


ENABLE INTERRUPT 


* 

x %& KX OPTIONAL DEVICE ADDRESSING CODE & & & 
# LOADS THE TALK, PRIMARY, AND SECONDARY 

# LISTEN ADDRESSES IF THE HARDWARE IS 

# PRESENT. DEFAULT FOR MISSING HARDWARE 
OR INCORRECTLY SET SWITCHES IS ADDRESS 

+ NUMBER 9 FOR ALL FUNCTIONS. 


% % 


NAD 
SHF 


NOB 


DAC 


ANG 


AOK 


$20 = SECONDARY LISTEN ADDRESS 
$21 = PRIMARY LISTEN ADDRESS 
$22 = TALK ADDRESS 


LDA #35 
STA $2001 
LDA #3D 
STA $2001 
CLC 

LDA #00 
STA $20 
STA $21 
STA $22 
STA $2D 
LOX #02 
LDY #04 
LDA $4000 
INC $4000 
DEC $4000 
AND #02 
CLC 

BNE NOB 
SEC 

ROL $20,X 
DEY 

BPL  SHF 
LDA $20,X 
CMP #IF 
BNE  AOK 
LDA #09 
STA $20,X 
CMP #04 
BCC ANG 
DEX 

BPL NAD 


CLOCK PARALLEL LOAD 
FOR SHIFT REGISTERS 


RESET ADDRESSES TO 0 


CLEAR EOS FLAG 

SETUP ADDRESS COUNTER 

SETUP BIT COUNTER 

GET SERIAL BIT 

CLOCK THE SHIFT REGIS- 
TER 

GET BIT 


SET CARRY IF BIT LOW 

SHIFT INTO ADDRESS 
DECREMENT BIT COUNTER 

DONE 5 SHIFTS? 

DEFAULT ADDRESS CHECK 
ADDRESS = 31 (DECIMAL)? 

NO, ADDRESS IS OK 

YES, THEN ADDRESS = 9 

REVISE ADDRESS 

ADDRESS LESS THAN 4? 

YES, NO GOOD, DEFAULT 

DECREMENT ADR COUNTER 

DONE 3 ADDRESSES? 


kKkkkKke 
IEEEL/T1.ASM 
kkkkke 


ASSEMBLY LISTING 


FC9E 
FCAO 


FCD3 
FCD6 
FCD9 


2069FD 
207BFD 
AD0240 
20B4FD 
DOF8 
20FEFC 
C522 
FOOB 
C521 
FOOA 
20B4FD 
FOFO 
DOEO 
4CBAFD 


AD0240 
20B4FD 
F017 


PAGE 3 
LOA = $20 CREATE MSA NME 
ORA #60 P 
STA $20 
LDA $21 CREATE MLA NME 
ORA #20 
STA §21 
LDA = $22 CREATE MTA NMEM 
ORA #40 
STA = $22 


* 

Ww LISTENER AND TALKER ARE IDLE. IEEE 

* LIDS AND TIDS STATE. NRFD, NDAC, EOI, 
* DAB, AND DAV OUTPUTS ARE ALL HIGH. 

w& DEVICE WAITS FOR CONTROLLER (PET) TO 
w%& MAKE ATN TRUE (LOW). HARDWARE MAKES 
% AN IMMEDIATE REPSONSE TO ATN LOW BY 
% PULLING BOTH NRFD AND NDAC LOW. 

%& PROGRAM POLLS ATN SIGNAL. 


* 

Tul JSR -NRH SETS NFRD HIGH (TRUE) 
JSR = NDH SETS NDAC HIGH (TRUE) 

ALP LDA $4002 CLEAR LISTENER HS 
JSR. ATK LOOP TILL ATN TRUE 
BNE ALP 

LTA JSR COM GETS IEEE COMMAND 
CMP = $22 MY TALK ADDRESS? 
BEQ MTA YES, TALKER ROUTINE 
CMP $21 MY LISTEN ADDRESS? 
BEQ LAD YES, LISTENER ROUTINE 
JSR ATK CHECK FOR ATN LOW 
BEQ LTA YES, CHECK AGAIN 
BNE TLI NO, DEVICE IS IDLE 

MTA JMP TAD TALKER ROUTINE 

* 


He we Ke He WLISTENER IS ADDRESSED o& & ok ok ok kk kk ek 
4 DEVICE MUST DETERMINE IF LISTENER IS 

+ ADDRESSED AT PRIMARY OR SECONDARY 

# LISTEN ADDRESS. DEVICE MUST STAY 

4 ADDRESSED UNTIL ATN IS FALSE (HIGH). 

+ ACTIVE PRIMARY OR SECONDARY LISTENER 

se MUST RETURN HERE WHEN ATN IS TRUE TO 

# CHECK FOR UNLISTEN (UNL) COMMAND. 


* 

LAD LDA $4002 RESET LISTENER HS 
JSR ATK CHECK FOR ATN LOW 
BEQ SLA YES, CHECK SECONDARY 


* 
# He LISTENER IS ACTIVE—PRIMARY ADDRESS & * 
4 LISTENER TRANSFERS DATA UNTIL UNLISTEN 
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% (UNL) OR SECONDARY ADDRESS (MSA) SEEN. 
% DEVICE ENTERS ADDRESSED MODE (LAD) 

+ WHEN ATN FROM UNL, UNT, MSA OR MTA IS 
*& SEEN. 


* 
LAC 


QUT 


ICB 


DIN 


BOK 


JSR 
BEQ 
JSR 
JSR 
JMP 
JSR 
CMP 
BEQ 
BNE 
JSR 
CMP 
BEQ 
BNE 
JMP 
JSR 
JSR 
LDA 
LDA 
JSR 
LDA 
ORA 


$2B 
#7F 
BOK 
$6001 
#FE 
$6001 
HSL 
RTN 
$2B 
$2B 
$6000 
$00,X 
#0D 


CHECK FOR ATN TRUE 

YES, NO LONGER ACTIVE 

DOES ACCEPTOR H.S. 

USE DATA BYTE 

LISTENER STILL ACTIVE 

GETS IEEE COMMAND 

UNLISTEN? 

YES, THEN IDLE 

CHECK SECONDARY ADDR 

GETS IEEE COMMAND 

IS IT MY SECONDARY 

YES, SECONDARY MODE 

NO, LISTENER ADDRESSED 

SECONDARY ADDRESSED 

GETS IEEE COMMAND 

SET NRFD AND NDAC LOW 

CLEARS IRQA, HARDWARE 

CLEAR BUS WITH NUL IF 
NECESSARY 

SENDS EO] FALSE (HIGH) 


SENDS DAV FALSE (HIGH) 
DOES ACCEPTOR HS CYCLE 
GETS ADDRESSING DATA 


SAVE A,X,Y 


IS BUFFER FULL? 


NO, GET DATA TO BUFFER 
YES, DISABLE CHIP 
INTERRUPT. HOLD DATA 
UNTIL BUFFER CLEARED. 
SET REMOTE HS LOW 


INCREMENT INPUT POINT 
GET POINT TO X 

GET DATA 

STORE DATA IN BUFFER 
IS DATA “’CR’’? 
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FD40 D004 BNE —RHS 
FD42 (62D DEC $20 SET EOS FLAG 
FD44 30E2 BM! DIN YES, DISABLE INTERRUPT 
FD46 2057FD RHS JSR HSL SET REMOTE HS LOW 
FD49 AD0160 LDA $6001 SET REMOTE HS HIGH 
FD4C + 0908 ORA #08 
FD4E 8D0160 STA $6001 
FD51 68 RIN PLA RESTORE Y,X,A 
FD52 A8 TAY 
FD53 68 PLA 
FD54 AA TAX 
FD55 68 PLA 
FDS6 40 RTI RETURN FROM INTERRUPT 
FDS57 ADO160 HSL LDA $6001 SETS REMOTE HS LOW 
FDSA 29F7 AND #F7 
FDSC 8D0160 STA $6001 
FDSF 60 RTS 
END 
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ORG IEEEHAND 


* 
ee ee KIEEE 488 HANDSHAKE ROUTINES & & ke kkk & 
* 
FD60 ADO04O0 NRL LDA $4000 SETS NRFD LOW (FALSE) 
FD63 29FB AND #FB 
FD65 8D0040 STA $4000 
FD68 60 RTS 
FD69 ADOO40 NRH LDA $4000 SETS NRFD HIGH (TRUE) 
FD6C 0904 ORA #04 
FD6E 8D0040 STA $4000 
FD71 60 RTS 
FD72. ADO320 NDL LDA $2003 SENDS NDAC LOW (FALSE) 
FD75 2957 AND #F7 
FD77 ~+8D0320 STA $2003 
FD7A 60 RTS 
FD7B AD0320 NDH LDA $2003 SETS NDAC HIGH (TRUE) 
FD7E 0908 ORA #08 
FD80 §+8D0320 STA = $2003 
FD83 60 RTS 
FD84 AD0040 DVH LDA $4000 SENDS DAV HIGH (FALSE) 
FD87 0908 ORA #08 
FD89 8D0040 STA $4000 
FD8C = 60 RTS 
FD8D 49FF OPB EOR #FF OUTPUTS COMPLEMENTED 
FD8F 8D0220 STA = $2002 DATA TO IEEE BUS 
FD92 60 RTS 


% HANDLES ACCEPTOR HANDSHAKE FROM ACDS- 
% ANRS-AWNS—RETURNS WITH DAB IN ACC 


FD93 2069FD CNW JSR NRH SETS NRFD HIGH (TRUE) 
FD96 AD0020 VAT LDA $2000 RESETS IRQA 

FD99 + 2C0040 BIT $4000 WAITS FOR DAV TRUE 
FD9C + 30F8 BMI VAT (LOW) 

FD9E 2060FD JSR NRL SETS NRFD LOW (FALSE) 
FDAl AD0020 LDA $2000 GET DAB 

FDA4 49FF EOR #FF INVERT DAB 

FDA6 48 PHA SAVE DATA BYTE 

FDA7 207BFD JSR NDH SET NDAC HIGH (TRUE) 
FDAA 2C0040 VAF BIT $4000 WAITS FOR DAV HIGH 
FDAD 10FB BPL VAF (FALSE) 

FDAF 2072FD JSR = -NDL SET NDAC LOW (FALSE) 
FDB2 68 PLA RESTORE DATA 

FDB3 60 RTS RETURN 

FDB4 ADO040 ATK LDA $4000 CHECKS ATN. IF ACC = 0 
FDB7 2910 AND #10 ATN IS TRUE 

FDB9 60 RTS RETURN 


kKkkkke 
TALKERO].ASM 
kKkekkke 


ASSEMBLY LISTING 


PAGE 1 


TALKERO] 
IEEEHAND 
IEEEHAND 
JEEEHAND 
IEEEHAND 
IEEEL/T1 

IEEEL/T1 

IEEEHAND 


(09) 
(1B) 
(2D) 
(54) 
(06) 
(09) 
(24) 


% wk kw & KTALKER ADDRESSED & & kk ke kk ke 


* 
TAD Cll 


TAG PLA 


* 


ATK 
TAC 
ADG 


#60 
#40 
TAG 


TAD 
$22 


TAD 
IDL 


ENABLE INTERRUPT 
CHECK FOR ATN TRUE 

NO, MAKE TALKER ACTIVE 
YES, GET IEEE COMMAND 
SAVE COMMAND 

TALK ADDRESS GROUP? 


YES, MY TALK ADDRESS? 
NO, ADJUST STACK 
TALKER STILL ADDRESSED 
GET COMMAND 

MY TALK ADDRESS? 

YES, TALKER ADDRESSED 
NO, TALKER IDLE 


Kok Kk kk ww KTALKER ACTIVER Ra kkk kkk 


* 

TAC SEI 
JSR 
JSR 
LDA 
AND 
CMP 
BEQ 
JSR 
BEQ 
BNE 

NBC LDA 
CMP 
BNE 


TMO JSR 


NRH 


DISABLE INTERRUPT 

RELEASE NRFD AND NDAC 

IS NEW BYTE AVAILABLE? 

CHECK FOR NRFD HIGH 
AND NDAC LOW 


YES, CHECK NEW BYTE 

NO, CHECK IF ATN TRUE 

YES, TALKER ADDRESSED 

NO, TALKER ACTIVE 

ARE BUFFER POINTERS 
EQUAL? 

NO, GET DATA 

SET BUFFER POINTERS 
TO START OF BUFFER 


ENABLE CHIP INTERRUPT 


WAIT FOR TIMEOUT ON 
TALKER FROM PET 
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FEO 
FEO8 
FEOA 
FEOC 
FEOE 


DOF9 
2425 


208DFD 


AD0140° 


GET 


SDB 


EOI 


SGN 
SDY 


ABO 


STR 


SWN 


PAGE 2 


BNE 
BIT 
BMI 
BIT 


LOOP TO NEW BYTE CHECK 

IN GET MODE? 

YES, GET SINGLE BYTE 

IS END OF STRING (EOS) 
FLAG SET? NO, TIMEOUT 

INCREMENT POINTER 

POINTER TO X 

GET DATA FROM BUFFER 

MODIFY INPUT BYTE 

IS DATA = ‘CR’? 

NO, PUT BYTE ON BUS 

YES, REMOTE HS HIGH 

ENABLE CHIP INTERRUPT 


RESET HANDSHAKE 
RESET EOS FLAG 


GET OLD POINTER TO X 
RESET POINTERS TO 
START OF BUFFER 


"CR" AT TOP OF BUFFER 
NO, CONTINUE 

IN GET MODE? 

NO, TIMEOUT 

SEND EO! (END) TRUE 


RESTORE “CR” 

PUT BYTE ON BUS 

CHECK FOR NRFD TRUE 
YES, TRANSFER DATA 

NO, ATN TRUE? 

NO, DELAY 

YES, DECREMENT POINTER 
ABORT, TALKER ADDRESSED 
SET DAV LOW (TRUE) 


CHECK NDAC, IF TRUE 
CONTINUE SOURCE H.S. 


CHECK ATN 

TRUE, ABORT TRANSFER 
LOOP UNTIL TRANSFERRED 
SENDS DAV HIGH (FALSE) 
SEND NUL BYTE 


SENDS EOI HIGH 
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FE79 0908 ORA #08 
FE7B = 8D0140 STA = $4001 
FE7E 4CD6FD JMP = TAC GET NEXT BYTE OF DATA 
FE81 2424 MIB” BIT = $24 TYPE 1 PET? 
FE83 3004 BMI = CNV YES, CONVERT ASCII 
FE85 2423 BIT $23 TYPE 2 PET? 
FE87 ~—-100F BPL USR NO, CHECK USER OPTIONS 
FE89 = 297F CNV AND #7F STRIP MSB 
FE8B C961 CMP #61 IS DAB = 00 TO 607 
FE8D 9008 BCC ASI YES, ALREADY OK 
FESF (C97B CMP #7B IS DAB = 7B TO 7F? 
FE91 B004 BCS ASI ALREADY ASCII 
FE93 0980 ORA #80 SET PET LOWER CASE 
FE9S 29DF AND #DF CLEAR ASCII LOWER CASE 
FE97 = 60 ASI — RTS RETURN 
* 
Week ok ek ke KUSER PATCH POINTA Kak kkk kkk 
% PATCH PERMITS MODIFICATION OF VALID 
% INPUT BYTE. E.G., CONVERSIONS TO 
% OTHER CODING SYSTEMS SUCH AS EBCDIC, 
% BAUDOT, CORRESPONDENCE OR BCD SELECTRIC 
WwRTTY, OR MORSE, ETC. 
* 
FE9B EA USR NOP ACCUMULATOR HAS DATA 
FE99 ~=EA NOP BYTE. USE JMP TO 
FE9A 60 RTS PATCH. END WITH RTS. 
END 
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FEAD 
FEAF 
FEB) 
FEB3 
FEBS 
FEB7 
FEB9 
FEBB 
FEBD 
FEBF 
FEC) 
FEC3 
FECS 
FEC7 
FEC9 
FECB 
FECD 
FECF 
FED] 
FED3 
FEDS 
FED7 
FED9 
FEDB 


20ADFE 
201 EFF 
8D0240 
2€0340 
10FB 
AD0240 
60 


PAGE | 


ORG  USEDABO1 
IDL EXT  IEEEL/TI (06) 
ATK EXT  JEEEHAND (54) 
CNW EXT  JEEEHAND (33) 
ADG EXT IEEEL/TI (09) 


USE JSR MDB MODIFY DATA BYTE? 
JSR SOS SPECIAL 1/0 SEQUENCE? 
STA $4002 

RHW BIT $4003 WAIT FOR HANDSHAKE 
BPL RHW 
LDA $4002 RESET IRQB 
RTS 

* 


& % & & &DATA MODIFICATION ROUTINE & %& %& kk ke & 
% USER CAN CONVERT BUS DATA TO ASCII 

%& DATA DEPENDING ON TYPE OF PET. CON- 

* VERSION IS SET UP BY SECONDARY AD- 

%& DRESS DATA. DATA IS IN ACCUMULATOR. 


* 

MDB BIT = $23 PET TYPE 2? 
BPL_ TY) NO, CHECK TYPE 1 
CMP #4) IS DAB = 00 TO 40 
BCC TY] +4 _ — YES, NO CASE SWITCH 
CMP #5B IS DAB = 41 TO 5A? 
BCC LP FLIP THE CASES 
CMP #C)1 IS DAB = 5B TO CO? 
BCC TYl1+4 — YES, NO CASE SWITCH 
CMP #DB IS DAB = DB TO FF 
BCS TYIl+4 YES, NO CASE SWITCH 

FLP =EOR #80 FLIP THE CASES 
BNE TYl1 +4 — PROCESS TO ASCII 

TY] BIT $24 TYPE 1 PET? 
BPL BIN NO, BINARY MODE 
CMP #80 IS DAB = 00 TO 7F? 
BCC BIN YES, ALREADY ASCII 
CMP #Cl IS DAB = 80 TO CO? 
BCC SPC YES, PRINT SPACE 
CMP #DB IS DAB = DB TO FF? 
BCS SPC YES, PRINT A SPACE 
AND #7F CONVERT PET CODE TO 
ORA #20 ASCII 
BPL BIN 

SPC LDA #20 

* 


ek keke ke ke USER PATCH AREA de ie ek ke tee 
* THIS PATCH POINT IS USED FOR CODE TO 

% MAKE ADDITIONAL MODIFICATIONS TO BUS 

% DATA BASED ON FLAGS SET WITH SECONDARY 

% ADDRESS CHARACTERS. 
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* 
FEDD EA BIN NOP USE JMP FOR PATCH. END 
FEDE EA NOP PATCH CODE WITH RTS. 
FEDF 60 RTS RETURN 

* 


te eH LISTENER ADDRESSED AT SECONDARY 
se ADDRESS—DATA BYTES ACCEPTED IN THIS 
%& MODE ARE USED FOR CONTROL FUNCTIONS 
* ONLY. CONTROL CAN BE DEFINED BY THE 
% USER. ACCUMULATOR HAS DATA BYTE FOR 
% THE CONTROL FUNCTION. ZERO BYTE CLEARS 
ALL CONTROL FLAGS. 

* 

TYPICAL BASIC CONTROL STATEMENTS: 
* OPEN 9,9,9 

* —— PRINT#9, CHRS(1); 


* 
FEEO 20B4FD SAD JSR ATK CHECKS FOR ATN TRUE 
FEE3 FO2F BEQ ATN 
FEES 2093FD JSR CNW DOES ACCEPTOR HS 
FEES C900 CMP #00 
FEEA O18 BEQ RSF 
FEEC C901 CMP #01 COMPARE TO ‘1’ 
FEEE D002 BNE NC} 
FEFO 624 DEC $24 
FEF2 (€902 NCl CMP #02 COMPARE TO “2” 
FEF4 D002 BNE NC2 
FEF6 (C623 DEC $23 SET PET TYPE 2 FLAG 
FEF8 903 NC2 CMP #03 
FEFA D002 BNE USC 
FEFC 625 DEC § $25 

* 


Kk ke & & KUSER PATCH POINTA Kk AK kK kKKKK 
% ADDITIONAL CODE CAN BE PATCHED FROM 

% THIS POINT TO SET AND/OR CLEAR SPECIAL 

+ FUNCTION FLAGS RESERVED FOR USER USE 

% AT $25 TO $2A (INCLUSIVE). 

* 


FEFE EA USC NOP USE JSR TO PATCH. END 
FEFF EA NOP PATCH WITH RTS. 

FFOO EA NOP 

FFO1 4CEOFE JMP SAD 

FFO4 200AFF RSF JSR = CLF RESETS ALL FLAGS 

FFO7 4CEOFE JMP SAD AT SECONDARY ADDRESS 
FFOA A900 CLF LDA #00 CLEARS ALL USER FLAGS 
FFOC A207 LDX #07 SETUP FLAG COUNTER 
FFOE § 9523 CFL STA $23,X CLEAR 8 FLAGS 

FFIO. CA DEX DECREMENT COUNT 


FF11 =10FB BPL CFL LAST FLAG? 


kKaekkkn 
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FFI3 «60 RTS YES, RETURN 
FF14. 2009FC ATN JSR  ADG GET ADDRESSING DATA 
FFI7 = C93F CMP #3F UNLISTEN? 
FFI9 = DOCS BNE SAD NO, SECONDARY ADDRESSED 
FFIB = 4CO6FC JMP IDL YES, GO TO IDLE 
* 
ke ke ke we we USER PATCH POINTA Rk kk aK KKK 
%* THIS PATCH CAN BE USED TO DETECT AND 
% PERFORM SPECIAL OUTPUT SEQUENCES FOR 
% SPECIAL DATA CHARACTERS. FOR EXAMPLE, 
% SPECIAL CHARACTER ROUTINES FOR NON- 
% STANDARD CHARACTERS, OR FOR IGNORING 
% CHARACTERS, SUCH AS LINE FEEDS, ETC. 
* 
FFIE EA SOS NOP USE JMP TO PATCH CODE. 
FFIF EA NOP END PATCH CODE WITH 
FF20 60 RTS RTS 


END 


APPENDIX C 


Sources of Supply for 
Electronic Parts 


PET Compatible Edge Card Connectors: 


Beckian Enterprises 
P.O. Box 3089 

Simi Valley, CA 93063 
213-988-6196 


DC Power Supplies: 


Power-One, Inc. 
Power One Drive 
Camarillo, CA 93010 
805-484-2806 


A/D Converter ICs, D/A Converter ICs: 
Digi-Key Corporation 
P.O. Box 677 
Thief River Falls, MN 56701 
800-346-5144 
218-681-6674 


Custom PROMs for PET Construction Projects: 


The Bit Stop 
P.O. Box 973 
Mobile, AL 36601 
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Solid State AC Relays: 


Hamilton Avnet Electronics, Inc. 

Schweber Electronics 

(Offices nationwide—check the white and yellow pages of the tele- 
phone book in major metropolitan areas. ) 


TTL and CMOS Integrated Circuits, Wire Wrapping Sockets, 
Wire, and Tools, Breadboard PBCs, and Miscellaneous Parts: 


Active Electronic Sales Corporation 
P.O. Box 1035 

Natick, MA 01760 

Framingham, MA 01701 
617-879-0077 


Digi-Key Corporation 

P.O. Box 667 

Thief River Falls, MN 56701 
800-346-5144 

218-681-6674 


Jade Computer Products 
4901 W. Rosecrans 
Hawthorne, CA 90250 
800-421-5809 
213-679-3313 


Jameco Electronics 
1021 Howard Avenue 
San Carlos, CA 94070 
415-592-8097 


Priority One Electronics 
16723 Roscoe Blvd. 
Sepulveda, CA 91343 
800-423-5633 


Radio Shack 
(Stores Nationwide) 
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Index 


A 


Address 
block, 107 
decoder, 123-125, 129-130, 136-140 
decoding in PET, 103-117 
techniques, advanced, 111-114 
four-bit, 95 
hexadecimal, 47 
latch, 95 
latches, multiple, 78-80 
lines, decoding low order, 107-111 
secondary listen, 187-190 
Adapter 
using 6520 peripheral, 160 
versatile interface, 34 
Advanced 
address decoding techniques, 
111-114 
interfacing topics, 78 
memory port interfacing topics, 
156-164 
Algorithms, 171 
Alternating current devices, 
controlling, 175-176 
Amplifier 
operational, 89 
telephone, 72 
Analog 
-to-digital converter, 92-98, 
151-156, 170-173 
voltmeter, 90 
ASCII 
input, 174 
output, 173-174 
type data, handling, 173-174 
Auxiliary control register, 54 


Available 
input lines, expanding, 78-88 
output lines, expanding, 78-88 


BASIC statements use IEEE 488 
interface bus, 185-198 
Baud-rate generator, 72 
Baudot printer interfaces, 209 
Berg-type plugs, 122 
Bidirectional 
data bus, 100-101 
ports, 99 
Binary 
coded: decimal, 165-167 
weight, 41 
Bit(s), 9-11 
least-significant, 88 
most-significant, 88 
Blinking cursor, 134 
Branch, 50 
Breadboard 
card, 29 
check, 128-132 
circuit card, constructing, 24-27 
Buffering, 80 
Buffers, three-state, 101-102 
Bus 
bidirectional data, 100-101 
interface, 179 
Bytes, 9-11 


Cc 
Cable, ribbon, 121 
Card 
breadboard, 29 


prototyping, 24 
readers, 173 


Cascading 
serial inputs, 80-85 
outputs, 80-85 
Cassette 
-read line, 86 
-write line, 85 
Caution, 63-64 
Central processor, 10 
Character, null, 191 
Chart recorder, 88 
Check out breadboard, 128-132 
Checking operation, logic probe, 31 
Circuit card, constructing breadboard, 
Clear bit, make signal low, 41 
Clock 
cycle, full shift, 77 
phase-two, 12 
real-time, 18 
signal, 59, 68 
shift, 62 
Closure, 150 
CMD statement, IEEE 488 
bus output, 190-193 
Coded data, 50 
Commands, IEEE 488 interface, 
184-185 
Comparator, 114 
voltage, 178 
Component-grid locations, 20 
Computer logic, 100 
Connector, edge, 24, 121 
Constructing breadboard circuit card, 
Construction projects, PET/IEEE 488 
interface, 198-223 
Control register, auxiliary, 54 
Controller, 180 
Controlling 
alternating current devices, 175-176 
direct current devices, 175 
Conversion 
digital-to-analog, 88-92 
single-channel digital-to-analog, 
Converter(s) 
analog-to-digital, 151-156 
digital-to-analog, 168-170 
for roa port, analog-to-digital, 
two channel digital-to-analog, 
162-164 
using DAC, analog-to-digital, 
170-173 
Counter 
high-order, 70 
low-order, 70 
modulo-8, 62 
/timer, 62 
Crystal-controlled generator, 72 
Cursor, blinking, 134 
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Cycle 
data transfer, 48 
full shift clock, 77 
IEEE 488 three-wire interlocked 
handshake, 196-198 


D 
D flip-flops, 102 
DAC, 170-173 
Data 
bus, bidirectional, 100-101 
coded, 50 
entry loop, 52 
handling ASCIlI-type, 173-174 
ready, 51 
Data taken, 51 
transfer, 48, 101-102 
types of, 17-19 
valid, 51 
Debouncing, 151 
Decisions, 147-151 
Decoder 
address, 136-140 
checkout, address, 129-130 
Decoding 
in PET, address, 103-117 
incomplete, 115-116 
low order address lines, 107-111 
techniques, advanced address, 
111-114 
Device(s) 
controlling alternating current, 
175-176 
direct current, 175 
/file-oriented I/O, IEEE 488, 
185-186 
interfacing to high power, 175-178 
to non-TTL, 175-178 
peripheral, 14-15 
-ready flag, 174 
Differences between IEEE 488 and 
serial communications, 
183-184 ’ 
Digit, left-most, 107 
Digital 
latches, 140 
-to-analog conversion, 88-92 
conversion, single-channel, 90-91 
converters, graphic plotting, 
168-170 
two channel, 162-164 
word, 90 


ip 

header, 24, 75 

switch, 130 : 
Direct current devices, controlling, 


175 
Dual-readout, 22 
Dummy 

read cycle, 143 
variable, 52 


Edge 
connector, 24 
sensitive, 149 
-type connector, 121 
8-bit 
input lines, 86-87 
port with handshake, 51, 54 
input latching, 54-56 
output lines, 86-87 
parallel input port, 49-51 
output port, 36-42 
with handshaking, 42-48 
Electrical specifications, IEEE 488 
signals, 198 
End-of-conversion flag, 97 
Error, status, 193 
Expanding 
available input lines, 78-88 
output lines, 78-88 
External 
clock, shift register output, 59-63 
signal, 64 
SIPO, 68 
triggering signal, 54 


F 


Fan out, 100 
Feedback resistor, 89 
Flag(s), 147-151 
-clearing function, 46 
device ready, 174 
end-of-conversion, 97 
Flip-flop(s) 
D, 102 
JK, 77 
Four-bit address, 95 
Free-running oscillator, 72-74 
Full 
-scale trim resistor, 90 
shift clock cycle, 77 


G 
General 
information about user port shift 
register, 59-63 
user port, 34 


Purpose Interface Bus (GPIB), 179 


PET/ Te ve talker, 


baud-rate, 72 
Ccrystal- 
Grachic controlled, 72 
plotter, interfacing PET to, 91-92 
Potting using digital to analog 
converters, 168-170 


‘ H 
Handling ASCII-type data, 173-174 


Handshake 
cycle, IEEE 488 three-wire 
._ , Interlocked, 196-198 
8-bit input port, 51-54 
Signal, 42 
Handshaking, 8-bit parallel output 
port, 42-48 
Header, dip, 75 
Hewlett-Packard Interface Bus 
_CHPIB), 179 
Hexadecimal address, 47 
High 
-order counter, 70 
latch, 70 
power devices, interfacing, 175-178 
Hole-grid locations, 20 : 


IEEE 
DIO lines, 86-87 
488 and serial communications, 
differences, 183-184 
bus output, CMD statement, 
190-193 
sequence with secondary listen 
address, 187-190 
device/file-oriented I/O, 185-186 
input sequence, 193-195 
interface commands, 184-185 
mnemonics, 184-185 
output sequence, simple, 186-187 
signals, 180-183, 198 
three-wire interlocked handshake 
cycle, 196-198 
SRQ line, 85 
Incomplete decoding, 115-116 
Infrared LED, 176 
Input(s) 
ASCII, 174 
cascading serial, 80-85 
inverting, 178 
latching, 8-bit input port, 54-56 
enabled, 56 
lines, 8-bit, 86-87 
expanding available, 78-88 
multiplexers, 80 
noninverting, 17 
port, 125-126, 142-146 
check, 131-132 
8-bit parallel, 49-51, : 
requiring more than eight bits, 


-158 
sequence, IEEE 488, 193-195 
shift register, 77-78 - 
transition sensitive, ; ; 
itiie breadboard for shift register, 
74-76 


Ins of computer logic, 100 
Integrated circuit, large-scale, 
Inverting input, 178 


160 
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Interface(s) : 
adapter, versatile, 34 
Baudot printer, 209 
bus, 179 
cable—user port to breadboard, 
21-22 
commands, IEEE 488, 184-185 
PET/IEEE 488 printer, 198-209 
Interfacin 
PET to Tape plotter, 91-92 
to high power devices, 175-178 
non-TTL devices, 175-178 
topics, advanced, 78, 156-164 
Interlocked handshake cycle, IEEE 
488 three-wire, 196-198 
Internal 
clock signal, 68 
SR, 68 
Interrupt 
enable register, 41 
flag register, 41 
I/O experiments, wiring breadboard 
for parallel, 34-36 


J 
JK flip-flop, 77 
Joysticks, 98 

K 
Keyboards, 173 

L 


Large-scale integrated circuit, 160 
Latch 
address, 95 
high-order, 70 
low-order, 70 
quad, 78 
Latches, 101-102 
digital, 140 
multiple addressed, 78-80 
Least-significant bit (LSB), 88 
LED, infrared, 176 
Left-most digit, 107 
Level sensitive, 149 
Line(s) 
Cassette-read, 86 
-write, 85 
8-bit input, 86-87 
output, 86-87 
expanding input, 78-88 
Output, 78-88 
ee DIO, 86-87 


Listen address, secondary, 187- 
Listener(s), 180 ge 
multiple, 180 
/talker, general-purpose PET/ 
IEEE, 209-223 
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Logic 
high, 47 
ins of computer, 100 
low, 47 
outs of computer, 100 
probe, checking Operation, 31 
using, 134-136 
wiring, 27-31 
State, 43 
Logical file, 190 
Loop, data entry, 52 
Low-order 
address lines, decoding, 107-111 
counter, 70 
latch, 70 
timer register, 62 


M 
Magnetic pickup, 72 
Make 


signal high, set bit, 41 
low, clear bit, 41 

Management signals, 180 
Memory, 11-14 

chips, 9 

port interfacing topics, advanced, 

156-164 
random access, 12 
read only, 13-14 
/write, 12-13 

Microprocessor 

clock, shift register output, 68-72 

6502, 9 
Mixed 

inputs on user port, 56-57 

outputs on user port, 56-57 
Mnemonics, IEEE 488 interface, 

184-185 

Modulo-8 counter, 62 
Most-significant bit (MSB), 88 
Multiple 

addressed latches, 78-80 

listeners, 180 

strobe pulses, 116-117 
Multiplexers, input, 80 


Negative transition, 43 
Non-TTL 
devices, interfacing, 175-178 
voltages, sensing, 178 
Noninverting input, 178 
Nonvolatile, 14 
Null character, 191 


fe] 


Operational amplifier, 89 
Organization, PET, 15-17 
Oscillator, free-running, 74 


Output(s) 
ASCII, 173-174 
cascading serial, 80-85 
lines, 8-bit, 86-87 
expanding available, 78-88 
port, 125, 140-142 
check, 130-131 
8-bit parallel, 36-42 
with handshaking, 8-bit parallel, 
42-48 
requiring more than eight bits, 
158-160 
can ee IEEE 488, 
signal, 63 
Outs of computer logic, 100 


P 


Parallel 
-in serial-out shift register, 60 
I/O experiments, wiring 
breadboard, 34-36 
input port, 8-bit, 49-51 
PEEK statements, 17 
Pen-lift signal, 92 
Peripheral 
adapter, using 6520, 160 
control register, 47 
devices, 14-15 
PET 


address decoding, 103-117 
/TEEE 488 interface construction 
projects, 198-223 
488 printer interface, 198-209 
listener/talker, general-purpose, 
209-223 
organization, 15-17 
to graphic plotter, interfacing, 
Phase-two clock, 12 
Phototransistor, 176 
Pickup, magnetic, 72 
Plotting using digital to analog 
converters, graphic, 168-170 
Plugs, Berg-type, 122 
POKE statements, 17 
Port(s) 
bidirectional, 99 
check, input, 131-132 
output, 130-131 
input, 125-126, 142-146 
interfacing topics, advanced 
memory, 156-164 
output, 125, 140-142 
Positive transition, 43 
Power 
supply, 22-24 
construction, 123 
Printer(s), 173 
interface, Baudot, 209 
PET/IEEE 488, 198-209 


Probe, using logic, 134-136 
Programmable free-running oscillator 
using shift register, 72-74 

Prototyping card, 24 
Pull-up resistors, 36 
Pulse(s) 

multiple strobe, 116-117 

stretching, 27 


Q 
Quad latch, 78 


Random access memory, 12 
Read 

only memory, 13-14 

strobe, 143 

/write memory, 12-13 
Readers 

card, 173 

tape, 173 
Real-time clock, 18 
Recorder, chart, 88 
Reed relay, 176 
Register 

auxiliary control, 54 

interrupt enable, 41 

flag, 41 

peripheral control, 47 

successive-approximation, 95 
Relay, reed, 176 
Resistor(s) 

array, 36 

feedback, 89 

full-scale trim, 90 

pull-up, 36 
Ribbon cable, 121 


Second tape cassette, 23 
Secondary listen address, IEEE 488 
bus sequence, 187-190 
Sensing non-TTL voltages, 178 
Serial 
-in parallel-out shift register, 59 
inputs, cascading, 80-85 
outputs, cascading, 80-85 
experiments, wiring breadboard, 
57 


Set bit, make signal high, 41 
Shift 
clock, 62 
register, general information about 
user port, 59-63 
input, 77-78 
wiring breadboard for, 74-76 
output, 64-72 
parallel-in serial-out, 60 
programmable free-running 
oscillator using, 72-74 
serial-in parallel-out, 59 


Signal (s) 
clock, 59 
external, 54, 64 
handshake, 42 
high, test for bit set, 50 
IEEE 488, 180-183 
internal clock, 68 
low, test for bit clear, 50 
management, 180 
output, 63 
pen-lift, 92 
Simple IEEE 488 output sequence, 
186-187 
Single 
-channel digital-to-analog 
conversion, 90-91 
-readout, 22 
6520 peripheral adapter, 160 
Status 
error, 193 
variable, 193 
String 
functions, 99 
variable, 173 
Strobe, 12 
pulses, multiple, 116-117 
read, 143 
Successive-approximation register, 95 
Support chips, 9 
Switch 
bounce, 150 
dip, 130 


Talker, 180 
Tape readers, 173 
Telephone amplifier, 72 
Test for bit set, signal, 50 
Three 
-state buffers, 101-102 
-wire interlocked handshake cycle, 
IEEE 488, 196-198 
Time delay, 72 
Timer 
register, low-order, 62 
two, 62, 68-72 


262 


Transfer, data, 101-102 
Transition 

negative, 43 

positive, 43 

sensitive input, 85 
Triac, 176 
Trim resistor, full-scale, 90 
Two-channel digital to analog 

converter, 162-164 

Types of data, 17-19 


User port 
analog-to-digital converter, 92-98 
general information, 34 
mixed inputs, 56-57 
outputs, 56-57 
shift register, general information, 


to breadboard interface cable, 
Using 

logic probe, 134-136 

6520 peripheral adapter, 160 


Vv 


Variable, dummy, 52 
Versatile interface adapter, 34 
Volatile, 14 
Voltage(s) 

comparator, 178 

sensing non-TTL, 178 
Voltmeter, analog, 90 


Ww 


Weight, binary, 41 
Wire wrapping, 24 
Wiring 
breadboard for parallel I/O 
experiments, 34-36 
for serial output experiments, 57 
for shift register input, 74-76 
logic probe, 27-31 
Word length, 10 
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The Blacksburg Group 


According to Business Week magazine (Technology July 6, 1976) large scale integrated circuits 
or LSI “chips” are creating a second industrial revolution that will quickly involve us all. The 
speed of the developments in this area is breathtaking and it becomes more and more difficult to 
keep up with the rapid advances that are being made. It is also becoming difficult for newcomers 
to “get on board.” 


It has been our objective, as The Blacksburg Group, to develop timely and effective educational 
materials and aids that will permit students, engineers, scientists and others to quickly learn how 
to apply new technologies to their particular needs. We are doing this through a number of 
means, textbooks, short courses, and through the development of educational “hardware” or 
training aids. 


Our group members make their home in Blacksburg, found in the Appalachian Mountains of 
southwestern Virginia. While we didn’t actively start our group collaboration until the Spring 
of 1974, members of our group have been involved in digital electronics, minicomputers and 
microcomputers for some time. 


Some of our past experiences and on-going efforts include the following: 


—The development of the Mark-8 computer, an 8008-based device that was featured in Radio- 
Electronics magazine in 1974, and generally recognized as the first widely available hobby 
computer. We have also designed several 8080-based computers, including the Mini-Micro De- 
signer (MMD-1). More recently we have been working with 8085-based computers and the TRS-80. 


—The Blacksburg Continuing Education Series™ covers subjects ranging from basic electronics 
through microcomputers, operational amplifiers, and active filters. Test experiments and examples 
have been provided in each book. We are strong believers in the use of detailed experiments and 
examples to reinforce basic concepts. This series originally started as our Bugbook series and many 
titles are now being translated into Chinese, Japanese, German and Italian. 


—We have pioneered the use of small self-contained computers in hands-on courses aimed at 
microcomputer users. The solderless breadboarding modules developed for use in circuit design 
and development make it easy for people to set up and test digital circuits and computer inter- 
faces. Some of our technical products are marketed by Group Technology, Ltd., Check, VA 24072, 
USA. (703) 651-3153. 


—Our short course programs have been presented throughout the world, covering digital elec- 
tronics through TRS-80 computer interfacing. Programs are offered through the Blacksburg Group 
and the Virginia Tech Extension Division. Each course offers a mix of lectures and hands-on 
laboratory sessions. Courses are presented on a regular basis in Blacksburg, and at various times 
to open groups, companies, schools, and other sponsors. 


For additional information about course offerings, we encourage you to write or call Dr. Chris 
Titus at The Blacksburg Group, Box 242, Blacksburg, VA 24060, (703) 951-9030, or Dr. Linda 
Leffer at the Center for Continuing Education, Virginia Tech, Blacksburg, VA 24061, (703) 961- 
5241. 


Mr. David Larsen is on the faculty of the Department of Chemistry at Virginia Polytechnic Insti- 
tute and State University. Dr. Jonathan Titus and Dr. Christopher Titus are with The Blacksburg 
Group, Inc., all of Blacksburg, Virginia. 


PET 
Interfacing 


Many computer users find it necessary to connect peripheral devices to their 
computers. Since standard interfaces do not exist, users have been faced with the 
task of designing and building the interface by themselves. 

PET Interfacing gives you a better idea of how specialized interfaces can be 
built and used with the PET computer. The three types of interfacing that are 
covered in this book are the user port, the memory expansion port, and the IEEE 
488 port. Each of these ports has a specific use, and each is covered in detail. This 
is really ahow-to-do-it book with many experiments for you to perform to learn 
more about interfacing the PET computer and to learn more about control signals. 

The book opens with an introduction to PET microprocessor hardware and 
guides you through the construction of a simple breadboarding circuit. This is 
followed by interface experiments with the user port, interfacing the PET by using 
the memory expansion port, some interfacing hints and kinks, and interfacing the 
PET with the IEEE 488 port. The book concludes with three appendices that 
contain flowcharts, program listings for a general-purpose listener/talker, and 
sources of supply for electronic parts. 

This book is directed to the PET user who wants to expand his or her system by 
using the user port, memory expansion port, and/or the IEEE 488 port. 


Dr. James M. Downey Steven M. Rogers 
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Dr. James M. Downey, a native of Indiana, received his Bachelor's degree in Biology from 
Manchester College in 1967, and his Ph.D. degree in mammalian physiology from the 
University of Illinois in 1970 where he was introduced to computers. Dr. Downey is a 
professor of Medical Physiology at the University of South Alabama at Mobile where he 
teaches both undergraduate and graduate students. His research involves cardiac disease, 
and both microcomputers and minicomputers play an important role in these investigations. 
He is an electronics hobbyist and became interested in microcomputers when they first 
became readily available. Dr. Downey has had articles published on both his cardiac disease 
research and computer applications. His hobbies include radio-controlled aviation, 
salt-water fishing, and photography. 

Steven M. Rogers is a technical sales representative for the Eastman Kodak Company. He 
currently specializes in the area of high-speed computer-controlled automatic photographic 
printers and negative-handling systems for the photofinishing industry. Mr. Rogers has also 
served as a service engineer, a technical instructor in the area of digital logic and servicing of 
sequential- and random-access microfilm image-retrieval equipment, and a technical editor. 
He has attended California State College at Long Beach and the University of Alaska at 
Anchorage. 
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